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This  report  is  submitted  under  the  provisions  of  the  Flood  Con- 
trol Act  of  June  22,  1936,  as  amended  and  supplemented. 

PURPOSE  AND  SCOPE 

The  survey  investigated  the  floodwater  and  sediment  damage  prob- 
lems to  determine  the  needed  remedial  measures  and  to  present  recommen- 
dations for  a program  of  runoff  and  waterflow  retardation  and  soil 
erosion  prevention. 

RECOMMENDATIONS 

The  investigation  of  the  flood  and  erosion  problems  revealed  that 
past  floods  have  caused  serious  damage  to  communities,  agriculture, 
roads,  railroads,  and  other  property. 

Flood  and  sedimentation  damages,  including  loss  of  the  limited  wa- 
ter storage  capacity,  are  now  augmented  by  watershed  deterioration  caused 
by  improper  land  management  on  certain  cultivated  lands,  heavy  grazing 
use  on  the  open  grass  and  intermingled  brush  ranges,  and  past  wildfires 
which  have  denuded  extensive  areas.  Deterioration  will  continue,  and 
unless  checked,  will  tend  to  increase  further  the  rate  of  runoff  and 
erosion  and  seriously  affect  the  efficient  long-time  operation  of  water 
storage  reservoirs  under  consideration  by  local  interests. 

The  investigation  brought  out  the  need  for  the  watershed  restora- 
tion and  management  program  herein  recommended  which  will  consist  of  in- 
terdependent measures  on  cultivated,  range,  and  wild-land  areas  to  re- 
duce and  retard  runoff,  stabilize  the  soil  mantle,  and  check  accelerated 
erosion.  The  program  will  substantially  reduce  flood  and  sediment  damages. 

The  estimated  cost  of  installing  such  a program  is  about  $11,973*000. 
Of  this  amount  the  Federal  Government’s  share  is  approximately  $9,337,000; 
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that  of  non-Federal  public  agencies  about  $2,072,000;  and  of  private  in- 
terests $564*000.  The  recommended  program  will  be  operated  and  maintained 
at  a total  annual  cost  of  $694*000,  of  which  $393*000  will  be  a Federal 
cost  and  $301,000  the  cost  of  non-Federal  public  agencies  and  private 
interests. 

Total  annual  evaluated  benefits  of  the  programs  are  estimated  to 
be  about  $1,221,800.  In  addition,  there  will  be  benefits  that  cannot  be 
expressed  in  monetary  terms.  Total  annual  costs  are  estimated  to  be 
$1,001,800.  The  ratio  of  evaluated  benefits  to  costs  is  1.2  to  1.0, 
using  recent  price  levels,  or  1.1  to  1.0  on  the  basis  of  long-term  price 
levels. 

The  program  herein  recommended  includes  the  intensification,  accel- 
eration, or  adoption  of  certain  activities  under  the  current  programs 
of  the  Department  of  Agriculture,  and  additional  measures  not  now  reg- 
ulary  carried  out  in  such  programs,  all  of  which  are  necessary  to  com- 
plete a balanced  runoff  and  waterflow  retardation  program  for  the  water- 
shed. It  is  recommended  that  the  Secretary  of  Agriculture  be  authorized 
to  carry  out  all  of  this  program  except  the  part  which  is  proposed  for 
installation  on  land  under  the  jurisdiction  of  a Federal  agency  other 
than  the  Department  of  Agriculture.  It  is  further  recommended  that  the 
head  of  such  other  Federal  agency  be  authorized  to  carry  out  the  part  of 
the  program  which  is  proposed  for  installation  on  land  under  the  juris- 
diction of  such  agency.  The  extent  to  which  the  work  recommended  in  this 
program  is  to  be  carried  out  under  authority  of  the  Flood  Control  Act, 
as  requested  herein,  or  under  other  authorities,  will  be  considered  by 
the  Secretary  in  requesting  appropriations  for  the  prosecution  of  the 
recommended  program.  Although  the  current  activities  of  the  Department 
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primarily  related  to  the  objectives  of  the  Flood  Control  Act  are  not  in- 
cluded in  the  program  herein  specifically  recommended,  this  program  is 

y 

based  on  the  continuation  of  such  current  activities  at  least  at  their 
present  level.  The  extent  to  which  the  measures  in  the  recommended  pro- 
gram may  be  carried  out  by  an  increase  in  the  current  programs  of  the 
Department  will  be  taken  into  account  in  requests  for  the  appropriation 
of  funds  to  carry  out  the  recommended  program. 

It  is  believed  that  the  measures  and  practices  recommended  for  the 
watershed  will  substantially  contribute  toward  an  ultimate  program  of  water 
flow  retardation  and  soil  erosion  prevention.  However,  the  Secretary  of 
Agriculture,  or  the  head  of  any  other  Federal  department  concerned,  may 
make  such  modifications  or  substitutions' of  the  measures  described  herein 
as  may  be  deemed  advisable  due  to  changed  physical  or  economic  conditions 
or  improved  techniques  whenever  he  determines  that  such  action  will  be  in 
^ furtherance  of  the  objectives  of  the  recommended  program. 

The  Secretary  of  Agriculture  and  the  head  of  any  other  Federal  depart 
ment  concerned  may  construct  such  buildings  and  other  improvements  as  are 
needed  to  carry  out  the  measures  included  in  the  recommended  program. 

The  recommended  measures  for  non-Federal  land  will  be  installed  and 
operated  and  maintained  under  cooperative  agreements  with  agencies  ac- 
ceptable to  the  Secretary  of  Agriculture. 

The  authority  of  the  Secretary  of  Agriculture,  or  the  head  of  any 
other  Federal  department  concerned,  to  prosecute  the  recommended  program 
shall  be  supplemental  to  all  other  authority  vested  in  him  by  law  to  carry 
out  any  of  the  measures  described  herein  or  any  other  measures  that  are 
similar  or  related  to  the  measures  described  herein. 

DESCRIPTION  OF  WATERSHED 

^ One  large  and  two  small  watersheds  have  been  combined  for  this 

report.  The  Santa  Clara  River,  the  largest  of  the  three  drainages,  is 
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flanked  by  the  Ventura  River  on  the  north  and  Calleguas  Creek  on  the  south. 
The  accompanying  map  shows  the  general  location  and  outline  of  these  water- 
sheds. These  streams  flow  into  the  Pacific  Ocean  about  60  miles  northwest 
of  Los  .Angeles.  The  total  area  of  the  combined  drainages  is  2,173  square 
miles  or  1,390,720  acres.  Together,  these  three  drainages  are  referred 
to  in  this  report  as  the  Santa  Clara  group  of  streams. 

The  Ventura  River  watershed  is  fan-shaped,  about  32  miles  long,  with 
an  area  of  228  square  miles  (145,920  acres).  The  watershed  includes  two 
major  physiographic  units:  (1)  the  steep,  rocky,  chaparral-covered  Santa 

fnez  Mountains,  which  rise  abruptly  from  the  Ojai,  Upper  Ojai,  and  Santa 
Ana  Valleys;  (2)  the  more  rounded  coastal  hills,  covered  with  grass-oak- 
sagebrush  vegetation,  and  lying  between  the  mountains  and  the  ocean. 

The  Santa  Clara  River  heads  north  of  Los  Angeles  and  flows  westward 
for  approximately  90  miles  to  the  ocean.  The  area  is  about  1,620  square 
miles  (1,036,800  acres).  .Most  of  the  watershed  is  rough,  mountainous 
land,  largely  covered  with  chaparral  and  sagebrush.  Only  about  10  per- 
cent is  valley  floor  and  coastal  plain.  The  mountains  in  the  western 
and  most  rugged  portion  are  rough  and  broken,  characterized  by  long 
ledges  of  outcropping  rock  and  precipitous  escarpments.  The  major  por- 
tion of  the  watershed,  however,  is  composed  of  moderately  rough  moun- 
tains and  semidesert  valleys. 

Calleguas  Creek  watershed  has  an  area  of  325  square  miles  (208,000 
acres).  It  is  oval  in  shape,  about  30  miles  long  and  14  miles  wide.  The 
topography  is  moderate,  elevations  ranging  from  sea  level  to  3,600  feet 
in  the  Santa  S us ana  Mountains.  Calleguas  Creek  generally  has  well-intrenched 
water  courses  except  in  the  lower  reach  of  Oxnard  Plain,  a level  coastal 
area  between  the  mouths  of  Santa  Clara  River  and  Calleguas  Creek. 
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The  geologic  formations  of  the  Ventura  watershed  are  of  sedimentary 
origin;  principally  well-cemented,  interbedded  sandstones,  shales,  and 
conglomerates.  Scattered  through  the  area  are  numerous  old  terrace  de- 
posits. Along  the  streams  are  deep  deposits  of  recent  alluvium.  The 
Santa  Clara  Basin  is  underlain  by  an  impervious  basement  complex  of  pre- 
Jurassic  schist,  quartzite,  slate,  granite,  and  limestone.  The  basement 
complex,  partially  overlain  by  friable  sandstones,  conglomerates,  and 
shales,  is  exposed  over  large  portions  of  the  mountains  and  foothills. 

The  Calleguas  Creek  watershed  is  also  underlain  by  a basement  complex 
of  crystalline  rocks.  The  surface  rocks  are  sandstones,  shales,  and  con- 
glomerates, plus  Quaternary  alluvium  and  terrace  deposits.  In  the  lower 
portions  of  all  of  the  drainages  there  is  a deep  valley  fill.  Practically 
all  of  the  commercial  water  wells  are  drilled  in  this  aquifer  which  acts 
as  an  underground  reservoir. 

The  mountain  soils  average  about  two  feet  in  depth  and  contain  many 
rock  fragments.  They  are  capable  of  maintaining  a good  vegetative  cover 
if  protected  from  fire  and  over-grazing.  The  soils  formed  from  seraicon- 
solidated  and  unconsolidated  sediments  are  especially  susceptible  to 
severe  erosion  when  the  vegetative  cover  is  removed. 

The  dominant  agricultural  soils  are  deep  alluvial  material  in  the 
Oxnard  Plain  and  in  the  valley  bottoms  of  the  Santa  Clara  River  and 
Calleguas  area.  A less  extensive  but  important  type  is  the  old  valley- 
filling soils.  They  occur  in  very  hilly  or  rolling  areas,  on  terraces  or 
sloping  remnants  of  old  alluvial  fans  which  have  been  elevated  since  their 
deposition.  The  subsoils  are  more  compact  and  heavier  in  texture  than 
the  surface  soils,  with  tendencies  toward  hardpan  development.  They 
are  susceptible  to  severe  erosion  'when  cultivated.  Agricultural  lands 
are  generally  well-drained  and  productive. 
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Continuous  flow  throughout  the  length  of  the  channel  in  the  Santa 
Clara  group  of  streams  is  evident  only  during  the  rainy  season  and,  in 
many  instances,  only  during  periods  of  flood  flows.  The  valley  fill 
over  which  streams  flow  usually  absorbs  most  of  the  water  before  it 
joins  the  main  river.  In  flood  the  mountain  reaches  of  the  streams  are 
heavily  laden  with  debris.  On  leaving  the  steep  mountain  canyons  they 
lose  their  transporting  power  and  the  load  of  debris  is  dropped,  save 
for  the  fine  material  which  is  moved  farther  downstream  with  each  flow 
and  is  eventually  delivered  to  the  ocean. 

The  climate  is  characterized  by  long,  dry  summers  and  short,  wet 
winters.  Cool,  moist  winds  from  the  ocean  have  a moderating  effect  upon 
the  climate.  Frost  is  rare  in  the  coastal  area  but  common  in  the  inland 
and  mountain  regions.  Recorded  temperature  extremes  at  Oxnard,  on  the 
coastal  plain,  are  104  degrees  F.  and  26  degrees  F.  About  75  percent  of 
the  annual  precipitation  occurs  from  December  to  March,  inclusive.  Mean 
seasonal  precipitation  varies  from  about  8 inches  in  the  valley  area  at 
the  head  of  the  Santa  Clara  River  to  about  40  inches  in  the  Topatopa 
Mountains  and  14  inches  on  the  coastal  plain.  Snow  normally  covers  the 
higher  peaks  in  winter  but  is  not  a contributory  factor  to  the  flood 
problem. 

The  equable  climate  and  deep  valley  soils  attracted  early  settlers 
to  this  area.  Soon  after  the  establishment  of  San  Buenaventura  Mission 
in  1782,  and  before  1850,  large  areas  passed  into  private  hands  by  way 
of  Mexican  land  grants.  During  this  early  period  the  raising  of  live- 
stock was  the  major  industry.  American  immigrants  settled  in  the  Santa 
Clara  Valley  about  1850.  Agriculture  soon  became  the  principal  industry; 
grain  was  grown  as  early  as  1872;  the  first  olive  grove  was  planted  in 
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1873;  and  the  first  orange  grove  in  1874.  When  the  feasibility  of  grow- 
ing citrus  was  established  most  of  the  irrigable  land  was  planted  to 
this  crop.  Citrus,  beans,  walnuts,  sugar  beets,  grain,  and  hay  are  now 
the  most  important  crops.  Today  the  growing,  packing,  • and  shipping  of 
agricultural  products  is  the  basic  industry.  Oil  production  and  refin- 
ing are  the  only  other  major  industries. 

About  40,000  acres  in  the  4- ant  a Clara  River  basin  and  about  the 
same  acreage  on  the  Oxnard  Plain  are  irrigated.  All  but  a small  portion 
of  irrigation  water  is  supplied  by  pumping  from  the  underground  aquifers. 
Direct  diversion  is  possible  only  during  winter  and  spring  when  the 
streamflow  is  available  for  distribution  to  a very  limited  acreage.  Only 
a few  hundred  acre-feet  are  stored  in  reservoirs. 

The  area  is  now  criss-crossed  with  State  and  Federal  highways  and 
two  main  lines  of  the  Southern  Pacific  Railroad. 

Population  of  the  area  generally  has  increased  about  50  percent 
since  1940*  During  the  war  years  Port  Hueneme  was  improved  and  became 
a port  of  supply  for  the  Navy.  A large  naval  training  station  is  also 
maintained.  At  Point  Mugu  there  are  installations  for  guided  missile 
research. 

This  early  development  of  the  valley  areas  bordering  the  main  streams 
created  a paradoxical  water  problem.  From  the  earliest  development, 
floods  menaced  the  valley  settlements  and  agricultural  lands.  Then  as 
irrigated  agriculture  became  more  intensively  practiced  the  conservation 
of  water  assumed  greater  importance.  Today,  floodwaters  discharging 
from  these  watersheds  during  the  short  winter  months  rarely  reach  the 
underground  basins  for  later  beneficial  use.  Most  of  it  wastes  into  the 
ocean.  Yet  the  remainder  of  the  year  creates  heavy  demands  for  irrigation 


-7- 


' 

. 

• • ■ * . : 

. X. 

N 

: 

' 

■ ' 

' 


" ‘ ' 

•r 


/ 


and  domestic  water,  most  of  it  pumped  from  the  underground  basins.  Wa- 
ter shortages  nine  months  of  the  year  have  become  as  critical  as  recurrent 
flood  damages  experienced  in  the  three  months  of  the  rainy  season. 

The  streams  of  the  Santa  Clara  group  produced  great  natural  aquifers 
by  filling  the  bedrock  basins  with  material  eroded  from  the  mountains. 
Shortage  of  water  is  becoming  more  critical  each  year  in  the  Calleguas 
Creek  drainage  since  recharge  has  been  less  than  draft  during  the  last 
series  of  wet  years.  The  major  portion  of  the  recharge  of  the  Oxnard 
Plain,  which  is  pumped  very  heavily,  comes  from  the  Santa  Clara  River. 

Piru  and  Sespe  Creeks  furnish  55  to  60  percent  of  the  Santa  Clara  River 
runoff.  Between  1944  and  1946  there  was  a 70  percent  increase  in  the 
volume  of  water  pumped  for  irrigation  and  domestic  use  in  the  Santa  Clara 
drainage.  The  greatest  water  shortage  occurs  on  the  Oxnard  Plain  below 
Montalvo.  Here  the  pumping  level  has  dropped,  salt  water  is  intruding 
near  the  coast,  and  the  direction  of  ground-water  flow  has  been  reversed 
in  Pleasant  Valley.  The  overdraft  amounts  to  30,000  acre-feet  during 
present  drought  conditions.  Attempts  to  correct  this  overdraft  have  to 
date  been  confined  largely  to  the  construction  and  operation  of  spreading 
grounds.  The  average  annual  quantity  of  water  conserved  by  spreading  is 
16,560  acre-feet.  Good  watershed  conditions  are  essential  to  successful 
water  spreading  since  silt-laden  flood  flows  cannot  be  used. 

Development  of  these  three  drainages  also  has  been  accompanied  by 
a corresponding  modification  of  the  native  vegetation  which  in  turn  has 
influenced  runoff  and  erosion.  The  good  soils  of  the  valleys  are  under 
cultivation  and  the  bench  and  foothill  lands  are,  or  at  one  time  have 
been,  under  cultivation  wherever  topography  permitted.  Extreme  over- 
grazing  has  been  practiced  on  the  lands  grazable  by  livestock.  Early 
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records  indicate  that  great  fires  burned  and  reburned  the  area  before 
fire  protection  was  achieved  during  the  early  years  of  the  Civilian  Con- 
servation Corps  program.  Oil  field  development,  although  the  area  af- 
fected is  small,  is  responsible  for  some  glaring  examples  of  road  and 
site  development  which  have  resulted  in  long  slopes  of  exposed  bare  soil. 

As  a result  of  early  abuse,  the  vegetative  cover  has  been  modified 
in  many  respects.  The  conifer,  woodland,  and  mixed  chaparral  types  have 
been  reduced  in  area  and  capacity  to  retard  surface  runoff  and  prevent 
erosion.  There  is  a marked  tendency  for  many  of  the  most  valuable  litter- 
building species  to  decrease  with  repeated  burnings,  invariably  result- 
ing in  deterioration  of  both  cover  and  site.  The  importance  of  the  na- 
tive cover  is  evident  when  it  is  realized  that  it  occurs  on  86  percent 
of  the  surface  area.  The  two  main  types  are  sagebrush  and  chaparral 
which  make  up  24  percent  and  54  percent,  respectively,  of  the  total  area 
of  native  cover. 

The  deteriorated  condition  of  watershed  cover  is  reflected  in  in- 
creased erosion  and  resultant  deposition.  This  movement  of  debris  bulks 
flood  flows  and  when  deposited  in  the  stream  channels  reduces  channel 
capacity,  thereby  increasing  flood  damage.  The  average  annual  erosion 
rate  is  high,  ranging  from  about  700  to  5,200  cubic  yards  per  square 
mile  per  year. 

Water  erosion  on  agricultural  land  affects  all  sloping  land  to  an 
extent  dependent  upon  slope,  soil,  and  cropping  practice.  The  most  serious 
sheet  erosion  occurs  on  old  alluvial  fill  lands  which  have  been  dry-farmed 
to  beans.  Gully  erosion  is  common  in  all  agricultural  soils  except  on 
the  coastal  plain.  Barrancas  have  cut  deeply  in  many  areas  of  the  best 
recent  alluvial  soils. 
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FLOOD  PROBLEMS 


General  descriptions  of  floods  in  the  area  date  back  to  1811,  in- 
dicating that  five  great  floods  and  thirty  medium  and  large-sized  floods 
have  been  experienced  in  the  Santa  Clara  River.  Because  of  similar 
hydrologic  conditions  for  the  Ventura  River,  its  flood  history  has  been 
roughly  the  same  as  that  of  the  Santa  Clara  River.  Calleguas  Creek  is 
somewhat  at  variance  with  the  Santa  Clara  and  Ventura  Rivers.  Occasionally 
only  moderate  precipitation  is  recorded  on  Calleguas  Creek  when  high- 
intensity  rainfall  and  floods  are  produced  in  the  Santa  Clara  basin. 

Damage  is  high  to  all  improvements  when  floods  occur.  On  farms, 
topsoil  is  eroded,  crops  are  destroyed,  farm  equipment  buried  under  de- 
bris or  washed  away,  livestock  is  drowned,  and  fields  are  covered  with 
debris.  Land  along  the  rivers,  creeks,  and  barrancas  is  cut  away.  The 
numerous  small  towns  are  either  Inundated  or  isolated  by  destruction  of 
roads,  bridges,  and  bridge  approaches.  Rail  communications  are  inter- 
rupted by  destruction  of  tracks  and  bridges  and  by  deposition  of  debris. 

As  an  example,  during  the  1938  flood  the  Southern  Pacific  lost  eleven 
bridges  and  4 miles  of  thack  in  Soledad  Canyon  in  the  upper  Santa  Clara 
watershed.  The  1933  flood  was  the  largest  of  recent  flows,  and  a detailed 
survey  by  the  Corps  of  Engineers  revealed  damages  of  $4,500,000. 

Average  annual  flood  damages  to  present  and  anticipated  future 
economic  development  without  a remedial  program,  for  the  areas  investi- 
gated in  this  report  are  estimated  to  be  $1,240,200. 

Sedimentation  is  an  important  problem  in  the  three  basins  under  con- 
sideration. Although  both  the  Ventura  and  Santa  Clara  Rivers  appear  to 
be  aggrading,  sufficient  data  are  not  available  to  determine  the  effect 
on  channel  capacities  and  flood  damages.  The  sedimentation  problem  is 
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of  paramount  importance  in  relation  to  the  water  conservation  reservoirs 
now  constructed  or  under  study.  From  studies  of  the  relation  of  sedimen- 
tation to  discharge  and  watershed  characteristics  in  adjacent  watersheds, 
the  annual  rate  of  sediment  production  for  the  Santa  Clara  and  Ventura 
Rivers  and  for  Calleguas  Creek  is  estimated  to  be  about  4,100  cubic  yards 
per  square  mile  under  expected  future  conditions  without  remedial  measures. 

ACTIVITIES  RELATED  TO  FLOOD  CONTROL 

During  the  past  40  years  local  interests,  county  and  State  agencies, 
and  a railroad  company  have  spent  more  than  $1,000,000  for  the  construc- 
tion and  maintenance  of  flood-control  improvements  and  for  the  cleaning 
of  channels  along  relatively  short  sections  of  the  Santa  Clara  River  and 
its  tributaries.  The  principal  improvements  have  been  levees,  jetties, 
revetments,  and  various  types  of  bank  protection,  channel  paving,  and 
channel  clearing.  These  wor 3s  were  intended  to  protect  agricultural  land 
from  bank  cutting,  and  to  protect  highways,  railroads,  bridges,  and  small 
towns.  They  are  mostly  inadequate  and  maintenance  costs  have  been  ex- 
cessive. 

Along  upper  Calleguas  Creek  individual  property  owners,  groups  of 
owners,  and  a Soil  Conservation  District  have  constructed  small  channel 
improvements  consisting  of  pipe  and  wire  revetments,  small  drops,  and 
check  dams  to  stabilize  channel  gradients.  On  the  Oxnard  Plain  the  State, 
Ventura  County,  a beet  sugar  factory,  and  a large  ranch  have  cooperated 
in  construction  of  a leveed  channel. 

About  $100,000  has  been  spent  by  local  interests  along  the  Ventura 
River  for  short  sections  of  leveed  channel,  channel  excavation,  and 
clearing.  These  improvements  are  temporary  in  nature  or  inadequate  to 
withstand  major  floods. 
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Until  recently  this  area  had  no  major  reservoirs.  There  are  two 
reservoirs  in  the  upper  Santa  Clara  River  basin,  Bouquet  and  Dry  Canyons, 
but  these  are  operated  solely  to  regulate  the  flow  in  the  aqueduct  which 
conveys  water  from  the  Owens  River  Valley  to  Los  Angeles.  Without  ground- 
water  pumping  the  present  development  of  the  area  could  not  have  occurred, 
since  precipitation  is  too  small  and  too  unevenly  distributed  to  produce 
stream  flow  sufficiently  large  and  dependable  to  permit  continuous  di- 
version of  unregulated  flows.  In  1944  the  Ventura  County  Flood  Control 
District,  covering  the  entire  county,  was  created  under  State  legislation. 
The  County  then  undertook  comprehensive  investigations  of  the  problem  of 
conserving  runoff  and  controlling  floods  from  its  major  streams.  In  1943 
residents  of  the  Ventura  River  watershed  voted  $3,400,000  in  bonds  for 
construction  of  flood-control,  water-conservation  reservoirs  on  Matilija 
Creek  and  Coyote  Creek,  tributaries  of  Ventura  River.  The  Matilija  reser- 
voir, of  7,000  acre-feet  capacity,  is  now  completed,  and  final  details  of 
the  proposed  Casitas  reservoir  on  Coyote  Creek  are  being  developed  by  co- 
operative State-County  field  and  office  studies.  1/ 

The  Santa  Clara  Water  Conservation  District  was  formed  in  1928  to 
protect  water  rights,  investigate  water-supply  problems,  and  construct 
works  for  water  conservation.  The  District  comprises  about  100,000  acres 
in  Ventura  County,  including  most  of  the  irrigable  lands  of  the  Santa 
Clara  River  Valley  and  Oxnard  Plain.  It  has  constructed  works  for  spread- 
ing water  over  porous  areas  in  several  localities,  and  at  times  has  scar- 
ified portions  of  the  river  bed  to  increase  percolation  into  underlying 

v The  Casitas  reservoir  is  also  known  as  the  Hoffman  site. 
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gravels.  No  special  protection  from  floods  has  been  provided.  No  water 
is  diverted  for  spreading  during  floods  or  afterward  until  the  water 
has  become  relatively  clear.  An  87- acre  extension  of  one  of  the  spreading 
basins  was  recently  completed,  but  this  will  not  be  adequate  to  meet  de- 
mands. The  District  has  made  comprehensive  engineering  studies  of  its 
water  needs  and  sources  of  supply.  Storage  reservoir  sites  exist  on 
both  Piru  and  Sespe  Creek,  tributaries  of  the  Santa  Clara.  These  sites 
have  been  under  consideration  for  many  years.  Fifty-five  to  60  percent 
of  the  total  river  discharge  comes  from  Piru  and  Sespe  Creeks,  and  all 
feasible  reservoir  sites  are  on  these  two  tributaries. 

Water  supply  and  flood-control  reservoirs  have  not  previously  been 
built  on  Piru  and  Sespe  Creeks  because  of  the  very  expensive  construction, 
especially  for  the  capacity  that  would  be  required  to  maintain  the  desired 
yield  over  the  periodic  "dry  cycles.'  It  is  not  certain  that  reservoirs 
of  sufficient  capacity  for  carry-over  during  the  longer  dry  periods  can 
be  afforded  by  water  users.  Another  reason  for  postponing  construction 
of  reservoirs  was  the  realization  that  sedimentation  will  be  high  and 
local  interests  did  not  want  to  lose  any  of  the  precious  storage  space 
by  construction  before  absolutely  necessary.  Engineering  and  legal 
steps  have  now  been  initiated  leading  to  the  selection  of  the  best  sites 
and  their  early  construction. 

The  Department  of  the  Army,  Corps  of  Engineers,  recommended  a plan 
for  the  protection  of  the  cities  of  Ventura  and  Ojai  which  was  authorized 
by  the  1944  Flood  Control  Act.  The  improvements  consist  ' of  a 2.6-mile 
levee  at  the  city  of  Ventura,  a debris  basin  at  the  mouth  of  Stewart 
Canyon  above  Ojai,  and  a concrete  channel  extending  from  the  debris  basin 
through  the  city.  The  estimated  total  Federal  installation  cost  was 
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$1,604,000  plus  a total  non-Federal  first-cost  of  $135,000  for  utilities 
relocation,  for  highway  and  railroad  bridges,  and  for  rights-of-way,  A 
debris  storage  sump  was  constructed  in  1949  at  the  mouth  of  Stewart 
Canyon  to  provide  temporary  protection  to  Ojai  against  flood  damage  from 
the  25,000  acres  burned  in  1948.  The  Ventura  River  levee  has  been  com- 
pleted, but  construction  of  the  authorized  works  at  Ojai  has  not  been 
started. 

On  the  Santa  Clara  River  the  Corps  of  Engineers  has  recommended 
construction  of  a 5-mile  paved  levee  along  the  south  bank  of  the  river 
to  protect  Oxnard  Plain,  and  a concrete  channel  for  the  lower  three 
miles  of  Santa  Paula  Creek  to  protect  the  city  of  Santa  Paula,  The 
Federal  first-cost  was  estimated  at  $3,010,000.  This  project  has  been 
authorized  and  advance  planning  studies  are  under  way,  but  as  yet  con- 
struction funds  have  not  been  appropriated. 

In  1942  a survey  report  was  made  by  the  District  Engineer,  Los 
Angeles  Office,  Corps  of  Engineers,  on  flood  control  for  Calleguas  Creek. 
The  report  concluded  that  the  improvements  considered  were  not  economically 
justified  and  recommended  that  no  flood-control  project  be  undertaken  at 
that  time. 

The  Department  of  Interior,  Bureau  of  Reclamation,  has  no 
authorized  or  proposed  projects  or  investigations  in  the  report  area. 

The  Department  of  Agriculture  is  actively  cooperating  with  State 
and  local  agencies  in  carrying  out  programs  for  conservation  of  soil  and 
water  resources  of  the  watershed.  The  Forest  Service  administers  and  pro- 
vides fire  protection  to  approximately  717,500  acres  of  publicly  cwned  land 
within  the  three  drainages.  This  area  is  included  in  parts  of  two  national 
forests — the  Angeles  and  Los  Padres.  The  State  of  California  through 
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Santa  Barbara  and  Ventura  Counties  cooperates  with  the  Forest  Service 
in  the  protection  of  qualified  State  and  private  lands  against  fire. 

The  Forest  Service  has  also  provided  emergency  treatment  to  large  burned 
areas  where  threat  of  flood  damage  existed.  The  Production  and  Marketing 
Administration  offers  financial  assistance  to  farmers  for  carrying  out 
soil  and  water-conservation  practices  on  privately  owned  lands.  The  De- 
partment also  cooperates  with  State  Extension  Services  and  Experiment 
Stations  in  educational  and  research  work  in  the  conservation  of  soil  and 
water  resources.  The  Soil  Conservation  Service  is  currently  assisting 
soil  conservation  districts  in  the  application  of  soil  and  water- conservation 
measures  on  farm  lands.  The  present  annual  cost  of  those  portions  of  the 
Department's  "going”  programs  which  produce  flood  control  and/or  associated 
benefits  is  approximately  $287,000. 

The  Department  of  the  Interior,  Geological  Survey,  the  Division  of 
Water  Resources  of  the  State  of  California,  and  local  agencies  have  made 
investigations  of  water  yield,  use,  and  conservation.  The  counties  of 
Los  Angeles  and  Ventura  handle  fire  protection  in  rural  areas  outside 
the  national  forests  with  financial  assistance  from  the  State.  The  Los 
Angeles  County  Flood  Control  District  covers  much  of  the  upper  Santa 
Clara  River  watershed  which  is  in  that  county.  In  recent  years  the 
District  has  constructed  channel  and  bank  protective  works  on  the  main 
river  and  several  tributaries  in  scattered  localities  as  the  need  arose. 

The  total  amount  of  work  done  by  the  District  in  this  watershed  to  date 
is  small. 

The  State  of  California,  in  cooperation  with  the  Forest  Service, 
has  planted  beaver  on  tributaries  of  Sespe  Creek.  To  date  these  plants 
are  considered  as  successful  in  maintaining  stream  flows  during  the 
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low- flow  periods  and  providing  improved  fish  habitat. 

The  soil  conservation  districts  have  been  organized  under  the  State 
enabling  act,  with  a total  area  of  700,000  acres.  The  Soil  Conservation 
Service  provides  technical  and  other  assistance  to  implement  the  conserva- 
tion activities  of  the  Districts.  The  total  number  of  farms  and  the  total 
acreage  under  conservation  agreements  are  2,773  and  124, 289  respectively. 

RECOMMENDED  PROGRAM  AND  COSTS. 

An  integrated  program  of  wild-land  fire  protection,  range,  and  crop- 
land improvements  supplemented  by  minor  structural  works  is  needed  as  an 
essential  part  of  any  comprehensive  plan  to  control  floods  and  develop 
the  water  resources  of  this  basin.  The  Department  of  Agriculture  program 
is  designed  primarily  to  maintain  and  improve  optimum  watershed  conditions 
for  surface  waterflow  retardation  and  soil  erosion  prevention.  It  has  been 
integrated  with  all  existing  and  currently  authorized  flood- control  and 
water-conservation  v/orks,  and  will  complement  these  additional  works  of 
improvement  which  are  being  considered  by  local  interests. 

The  watershed  treatment  program  will  provide  a substantial-  reduc- 
tion in  flood  and. sediment  damages  as  well  as  provide  many  conservation 
benefits.  The  cost  of  the  remedial  measures  is  over  and  above  all  pre- 
sently expended  costs  for  administration  and  management  by  Federal  and 

■ 

local  agencies. 

Proper  management  and  intensified  treatment  of  floodwater  and  sedi- 
ment source  areas  in  the  mountainous  watershed  lands,  the  depleted  range 
areas,  and  eroding  cultivated  lands  will  include  (1)  acceleration  of  fire- 
prevention  and  control  measures;  (2)  public  acquisition  of  scattered  pri- 
vately owned  tracts  in  critical  watershed  areas  where  threat  of  fire  is 
extremely  high;  and  (3) 
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improvement  and  stabilization  of  sources  of  sediment  and  excessive  runoff 
on  range  and  cultivated  areas. 

In  preparing  the  recommended  program  and  in  developing  the  measures 
necessary  to  achieve  the  benefits  claimed,  it  has  been  assumed  that  all 
pertinent  and  related  activities  currently  in  progress  in  the  watershed 
will  be  continued  at  not  less  than  their  present  level  inasmuch  as  the 
recommended  program  is  over  and  above  all  current  work. 

1.  Intensified  Fire  Protection  and  Control. — Fire  protection  will 
be  intensified  on  1,168,000  acres  of  inflammable  watershed  lands  of  which 
717,500  acres  are  in  Federal  ownership.  Over  the  period  of  years  the 
average  annual  rate  of  burn  experienced  in  the  watershed  has  varied  greatly. 
The  general  long-time  trend  under  the  present  protection  level  and  the 
mounting  fire  risk  and  hazard  is  estimated  to  be  about  3 percent  of  the 
burnable  area.  For  purposes  of  flood  control  it  is  essential  that  the 
average  annual  rate  of  burn  be  reduced  to  a minimum  of  about  0.2  percent 
of  the  burnable  area  and  that  the  frequency  of  large  conflagrations  be 
reduced  accordingly. 

Intensified  fire  protection  includes  the  construction  of  new  roads 
and  trails  as  well  as  rehabilitation  of  existing  unusable  roads  and 
trails.  New  buildings,  radios,  telephones,  and  additional  motorized 
equipment  also  will  be  installed.  Provision  for  additional  personnel 
necessary  to  operate  the  fire  protection  plant  effectively  are  included. 

Although  the  frequency  of  large  fires  and  the  total  burned  area 
can  be  reduced,  complete  elimination  of  all  fires  cannot  be  expected 
within  the  limits  of  present  knowledge  or  techniques.  To  guard  against 
excessive  flood  runoff  and  erosion  damages  following  these  fires,  the 
immediate  treatment  of  such  burned  areas  is  considered  an  integral  part 
of  the  program. 
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2.  Public  Acquisition. —An  essential  aid  to  accomplishing  maximum 
fire  control  effectiveness  is  the  assurance  that  certain  tracts  of  pri- 
vately owned  land  in  extremely  high  fire-hazardous  areas  receive  adequate 
fire  prevention.  About  2,800  acres  of  privately  owned  land  within  or  ad- 
jacent to  the  publicly  owned  national  forests  will  be  brought  under  pub- 
lic ownership..  Public  acquisition  of  these  tracts  will  aid  materially 

in  reducing  fire  occurrence  in  these  extremely  hazardous  areas  where  lo- 
cal cooperation  is  limited. 

3.  Range  Improvements. -^-Measures  on  range  lands  are  aimed  primarily 
at  improving  the  infiltration  capacity  of  the  soil  on  about  369,000  acres 
of  grass  and  intermingled  brush  lands.  This  will  be  accomplished  by  im- 
proved management  practices  including  proper  utilization  of  the  range  and 
adequate  distribution  of  stock,  by  construction  of  about  50  additional 
water  developments,  about  200  miles  of  fence,  reseeding  of  5,000  acres  of 
depleted  range,  and  stabilization  of  about  15  miles  of  gullies.  Other 
practices  will  include  seasonal  pasture  rotation,  use  of  supplemental 
feeds,  control  of  range-destroying  rodents,  and  similar  practices.  These 
measures  will  aid  in  eliminating  excessive  use  and  trampling  of  present 
concentration  areas  during  wet  weather.  To  relieve  grazing  pressure  onn 
national  forest  lands  cooperative  agreements  will  be  entered  into  with 
permittees  to  provide  for  transfer  of  stock  from  national  forest  watershed 
lands  to  permittees'  permanent  pastures  as  such  areas  are  improved  by  man- 
agement and  reseeding. 

4.  Cultivated  Area  Improvements. — Cultivated  land  treatment  measures 
will  be  installed  to  reduce  accelerated  runoff  and  erosion  on  cultivated 
land  as  follows:  (a)  irrigation  system  improvements  on  about  1,400  acres 
of  steeply  sloping  citrus  land;  (b)  farm  runoff  disposal  systems  on  18,900 
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acres;  (c)  terracing  and  diversion  systems  on  6,040  acres  of  sediment- 
^ producing  hay,  grain,  and  bean  lands;  and  (d)  seeding  to  permanent  pasture 
20,300  acres  of  eroding  hay,  grain,  and  bean  land. 

Closely  related  to  and  integrated  with  the  rehabilitation  and  im- 
provement of  the  mountainous  portion  of  the  watersheds  is  the  disposal 
of  storm  and  flooawaters  discharging  onto  the  developed  valley  floor.  The 
mingled  mountains  and  valley  flows  cause  extensive  damage  to  agricultural 
lands  and  to  roads. 

Watershed  stabilization  in  agricultural  areas  generally  must  be 
accompanied  by  channel  improvements  to  attain  program  objectives.  The 
remedial  measures  for  water  control  are  estimated  to  consist  of  improve- 
ment of  about  110  miles  of  primary  community  waterways  and  tributary  wa- 
terways by  bank  protection,  grade  stabilization,  enlargement  of  inadequate 
) channel  section,  and/or  channel  lining  to  reduce  both  sediment  and  flood- 
water  damage. 

5.  Other  Measures  .Considered  but  not  Recommended.— The  principal 
benefit  of  the  following  considered  measures  is  the  reduction  of  sedimen- 
tation in  downstream  reservoirs  and  in  the  main  rivers.  At  the  present 
time  several  factors  prevent  adequate  appraisal  of  such  reduction  in  sedi- 
mentation damage:  (1)  The  uncompleted  state  of  current  water-conservation 
studies;  (2)  lack  of  sufficient  basic  data  on  the  effect  of  sedimentation 
on  main  river  channels;  and  (3)  lack  of  sound  and  realistic  bases  for 
evaluating  sedimentation  effects  on  both  channels  and  reservoirs.  If  any 
of  these  three  problems  are  solved,  the  measures  discussed  below  should 
be  reconsidered  and  re-evaluated. 

At  present  the  report  area  has  reached  the  stage  where  lack  of  water 
^ limits  further  development  and,  in  fact,  cannot  support  the  present  economy 
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in  the  periodic  dry  cycles.  For  this  reason  local  interests  have  created 
water-conservation  organizations  and  are  planning  to  augment  their  present 
undependable  supply  by  reservoirs  to  conserve  the  now  unregulated  flow  of 
the  rivers.  One  of  the  reasons  for  postponing  reservoir  construction  un- 
til absolutely  necessary  was  the  known  high  rate  of  sedimentation  which 
rapidly  affects  the  costly  water  storage  space.  As  soon  as  reservoirs  now 
being  planned  are  definitely  scheduled  for  construction  studies  should  be 
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undertaken  to  develop  specific  and  intensive  measures  to  reduce  sedimen-  r H 
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tation  to  the  minimum  practicable  levels. 

It  is  felt  that  sedimentation  in  the  main  river  channels,  especially 
the  Santa  Clara  River,  augments  the  damage  caused  by  flood  flows  but  pre- 
sent data  and  surveys  are  not  sufficiently  conclusive  to  permit  estimation 
of  the  effect  of  sedimentation  on  channel  capacities  and  current  deflection. 
Since  an  accurate  evaluation  of  channel  sedimentation  is  not  possible  at 
present,  it  would  be  impossible  to  develop  the  extent  of  corresponding 
erosion  reduction  which  would  be  justified.  Sufficient  data  should  be 
developed  in  the  near  future  to  permit  this  determination. 

(1)  Road  Stabilisation.— In  general,  roads  throughout  the  water- 
sheds are  in  comparatively  good  condition.  However,  drainage  facilities 
are  not  adequate.  There  are  not  sufficient  cross-drainage  structures  to 
properly  collect  and  bypass  the  water  falling  on  and  above  the  roads.  Dis- 
posal flumes  are  generally  of  insufficient  length  to  dispose  of  the  water 
to  points  where  erosion  will  not  result.  There  are  also  bare  eroding  fill 
slopes  which  must  be  revegetated  before  the  soil  can  be  stabilized. 

On  the  basis  of  an  erosion  survey  of  Los  Padres  National  Forest, 
made  in  1946,  a plan  of  improvement  was  developed  for  174  miles  of  wild 
land  roads.  The  plan  included  the  installation  of  drainage  structures, 
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disposal  flumes,  gully  plugs,  and  check  dam  to  control  drainage  gullies, 
diversion  and  interception  ditches,  and  vegetative  treatment  of  eroding 
slopes.  The  total  cost  of  construction  was  estimated  to  be  $852,000  with 
annual  maintenance  and  replacement  costs  of  $10,200.  The  physical  effects 
of  these  measures  would  be  the  reduction  of  sedimentation  amounting  to 
about  40,000  cubic  yards  per  year  and  reduction  of  road  maintenance  costs 
by  75  percent. 

Should  such  a program  be  considered  for  flood-control  purposes  it 
should  be  based  on  a new  study  which  would  take  into  account  the  present 
road  conditions  and  the  effect  of  recent  storms  in  producing  erosion  and 
increasing  maintenance  costs.  The  estimates  of  the  effects  of  the  road 
improvement  measures  quoted  above  are  based  on  studies  made  some  years 
ago  on  roads  in  the  nearby  San  Gabriel  Mountains. 

(2)  Mountain  Channel  and  Gully  Stabilization. — A plan  of  gully 
and  channel  control  was  studied  for  the  Piru  Creek  drainage  area  to  reduce 
downstream  reservoir  and  main  river  sedimentation  and  to  reclaim  valuable 
mountain  meadow  grazing  lands.  The  work  would  involve  the  installation  of 
gully  plugs,  check  dams,  debris  barriers,  and  vegetative  stabilization  of 
banks.  Permanent  type  structures  were  contemplated  in  about  25  miles  of 
actively  eroding  stream  channels  where  gullies  have  reached  such  large  pro- 
portions that  expensive  structures  and  treatment  are  required. 

Reconnaissance  field  surveys  and  office  study  of  aerial  photographs 
and  small-scale  maps  form  the  basis  for  program  estimates.  The  cost  of 

C 

the  work  would  be  approximately  four  and  one -half  million  dollars.  It 
was  estimated  that  the  plan  would  reduce  sediment  production  an  average 
of  100,000  cubic  yards  per  year  and  reclaim  several  hundred  acres  of  range 
and  farm  land.  This  plan  was  intended  for  installation  at  such  time  as 
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planned  water-control  reservoirs  are  constructed,  which  is  expected  to  he 
in  the  near  future. 

A plan  of  debris  control  was  considered  for  Matilija  Creek  to  reduce 
siltation  of  the  recently  constructed  Matilija  Reservoir.  The  plan  in- 
cluded about  15  small  to  medium-size  debris  storage  and  channel,  stabili- 
zation dams  and  sills.  The  larger  dams  would  be  constructed  at  feasible 

* 

sites  where  physical  conditions  allow  the  most  economic  control  and  deten- 
tion of  debris.  The  smaller  structures  would  be  installed  in  reaches  of 
channel  between  the  larger  dams  where  stabilization  of  channel  bed  mate- 
rial is  required  to  reduce  channel  scour. 

The  possibility  of  constructing  these  works  in  two  stages  was  con- 
sidered, the  aim  being  to  devise  the  optimum  combination  of  channel  debris 
storage  by  structures  with  the  gradual  reduction  in  erosion  provided  by  the 
improved  watershed  cover  resulting  from  intensified  fire  control  measures. 

The  construction  cost  of  the  plan  was  estimated  at  about  two  million  dollars. 

Channel-control  plans  were  considered  for  several  other  areas  in- 
cluding Coyote  Creek,  Stewart  Canyon,  Sespe,  and  Santa  Paula  Creeks,  the 
upper  headwaters  of  the  main  Santa  Clara  River,  and  Castaic.  All  were 
found  to  be  economically  unfeasible  at  this  time.  Should  large  water  con- 
servation or  flood-control  reservoirs  be  planned  in  these  areas,  consider- 
ation should  be  given  to  the  simultaneous  development  of  channel  stabili- 
zation works. 

(3)  Reveeetation. — Maintenance  and  improvement  of  the  present  cover 
on  mountain  slopes  can  be  accomplished  largely  by  adequate  fire  protec- 
tion. Nevertheless,  large  areas  deteriorated  by  repeated  burning,  critical 
south  exposures,  and  semibarren  areas  need  more  than  protection  to  re- 
establish the  vegetation  necessary  for  stabilization.  The  objective  of 

Revised  May  1952 


-22- 


the  revegetation  measures  is  to  augment  the  fire-protection  measures  by 
improving  certain  deteriorated  sites  which  will  reduce  their  contribution 
to  excessive  runoff  and  erosion.  This  could  be  accomplished  by  planting 
native  conifers  in  the  areas  from  which  they  have  been  depleted  by  fire 
and  in  the  existing  sparse  stands. 

The  aim  was  to  attain  a cover  density  of  50  percent  in  the  sparse 
and  denuded  portion  of  the  coniferous  zone.  It  is  estimated  that  a total 
of  6 square  miles  of  forest  land  in  the  Sespe  Creek  drainage  and  25 

4 

square  miles  in  the  Piru  Creek  drainage  are  in  need  of  this  treatment. 

In  addition,  litter-producing  shrubs  and  trees  would  be  planted  adjacent 
to  small  tributary  channels,  utilizing  the  small  pockets  of  better  soil. 
The  revegetation  plan  was  estimated  to  cost  about  $800,000. 

6.  Aids  to  Program  Installation. --Landowners  and  operators  and 
others  in  the  watershed  will  be  provided  educational  assistance  relative 
to  the  need  for  the  recommended  program,  its  purpose,  and  objective.  In- 
tensified educational  effort  will  be  directed  to  familiarizing  farmers 
and  ranchers  with  the  specific  practices  essential  to  waterflow  retarda- 
tion and  soil  erosion  prevention,  how  to  install  and  apply  those  measures 
not  requiring  the  detailed  assistance  of  a specialized  technician,  how 
to  maintain  such  installations  and  measures,  and  how  to  integrate  the 
measures  and  practices  into  a sound  operating  system  capable  of  producing 
the  maximum  benefits  over  a long  period  of  time. 

Technical  services  will  be  provided  for  planning  and  applying  land- 
use  adjustments  and  conservation  measures,  and  integrating  the  installa- 
tion of  individual  measures  into  a proper  combination  to  achieve  the  most 
effective  program  of  runoff  and  waterflow  retardation  and  soil  erosion 
prevention.  These  services  will  be  needed  to  assist  the  people  in  the 
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watershed  in  installing  the  recommended  measures  on  their  land  and  in  adop' 
ting  sound  practices  of  management.  Direct  aids  will  be  available  to  land 
owners  and  farm  operators  in  the  watershed  to  assist  them  in  applying  or 
installing  the  needed  soil  and  water-conservation  measures  on  their  farms. 
Assistance  offered  under  this  phase  of  the  program  will  be  integrated  with 
the  educational  and  technical  services  to  promote  a complete  and  effective 
program  of  waterflow  retardation  and  erosion  prevention. 

7.  Installation  Cost  of  Program. —The  estimated  cost  of  installing 
this  plan  is  about  $11,973*000.  The  installation  of  the  program  is  esti- 
mated to  require  about  20  years.  It  is  estimated  that  the  Federal  Govern- 
ment will  expend  about  $9*337,000;  non-Federal  public  agencies  about 
$2,072,000;  and  private  interests  about  $364,000. 

Federal  costs  for  installation  will  include  (1)  all  of  the  cost  of 
fire  protection  and  range  improvements  on  Federal  land;  (2)  up  to  30  per- 
cent of  the  costs  for  fire  protection  on  State  and  private  land;  (3)  up 
to  30  percent  of  the  cost  of  reseeding , gully  control, and  fencing  on  pri- 
vate range  land;  (4)  all  construction  costs  for  water  developments  on 
range  land;  (5)  about  60  percent  of  the  cost  of  seeding,  planting,  and 
supplemental  structures  on  cropland;  and  (6)  all  the  cost  of  teehnica' 
services  to  farmers  and  ranchers  in  installing  the  remedial  measures.  Lo- 
cal non-Federal  public  agencies  will  bear  a part  of  the  cost  of  increased 
fire  protection  and  channel  improvements.  The  remainder  of  the  costs  will 
be  paid  by  farmers  and  ranchers. 
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Table  1. — Estimated  costs  of  installation 


Measures 

: Treatment  : 

: area  : 

Costs 

(1948  prices) 

1.000  acres 

1,000  dollars 

Fire  protection 

1,168 

4,476 

Land  purchase 

2.8 

47 

Range  improvement 

369 

348 

Cropland  improvement 

205 

7,102 

Total 

1/11,973 

1/  Cost  of  technical  services,  educational  assistance,  and 
administration  of  direct  aids  is  included  in  the  instal- 
lation cost  of  the  pertinent  measures. 

8.  Maintenance  of  the  Program. —Installation  of  the  recommended 
measures  is  only  one  step  in  accomplishing  the  floodwater  and  sediment 
damage  reductions.  An  equally  important  element  is  the  maintenance,  op- 
eration, and  replacement  of  measures  throughout  the  installation  period 
and  for  the  life  of  the  program.  Such  annual  costs  are  an  essential  part 
of  the  program.  The  average  annual  operation,  maintenance,  and  replace- 
ment costs  are  estimated  to  be  approximately  $694,000.  Of  this  cost  the 
Federal  Government  will  expend  $393,000;  non-Federal  public  agencies 
$274,000;  and  private  interests  $27,000. 

The  Federal  Government’s  annual  contribution  will  be  $275,000  for 
the  maintenance  and  operation  of  measures  installed  on  Federal  land.  How- 
ever, the  Federal  Government  may  contribute  up  to  50  percent  of  the  cost 
for  fire  protection  on  private  lands.  Local  public  interests  will  main- 
tain waterway  structures  and  private  interests  will  pay  for  all  other 
maintenance  costs. 

It  is  anticipated  that  the  recommended  measures  for  non-Federal 
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land  will  be  installed,  operated,  and  maintained  under  cooperative  ar- 
rangements with  agencies  acceptable  to  the  Secretary  of  Agriculture. 

Local  interests  will  be  required  to  furnish  without  cost  to  the  United 
States  all  necessary  rights-of-way  and  easements  on  non-Federal  land. 

BENEFITS 

1.  Physical  Effect.— The  combined  effects  of  all  measures  will 
reduce  excessive  surface  runoff  and  promote  infiltration  of  rainfall  in- 
to the  soil  and  rock  strata  with  a consequent  decrease  in  the  magnitude 
of  flood  peaks.  The  average  reduction  in  flood  damages  will  be  about  44 
percent.  Benefits  accruing  from  soil  erosion  prevention  will  be  lessened 
sedimentation,  conservation  of  valuable  crop  and  range  lands,  and  mainte- 
nance of  agricultural  yields.  Additional  benefits  from  the  program  will 
be  reduced  property  loss  by  fire,  prevention  of  loss  of  agricultural  land, 
reduced  fire  suppression  costs,  and  increased  rental  return  on  cropland. 
These  benefits  have  been  evaluated  in  terms  of  dollars. 

Many  other  benefits,  less  susceptible  to  such  concrete  evaluation 
will  accrue  from  the  program.  Because  these  unevaluated  benefits  are  so 
highly  important  in  relation  to  the  social  and  economic  welfare  of  the 
watershed  and  the  region  of  which  it  is  a part,  they  will  be  discussed 
in  more  detail. 

The  primary  benefits  ascribable  to  the  program  which  cannot  be 
evaluated  in  monetary  terms  are  important  to  the  people  of  the  watershed, 
the  State,  and  the  Nation,  and  contribute  significantly  to  the  justifica- 
tion for  the  program.  These  additional  unevaluated  benefits  include: 

(1)  The  extended  usefulness  of  existing  and  contemplated  reser- 
voirs and  their  facilities  which  are  essential  to  the  permanency  of  the 
area*s  irrigated  agriculture  and  its  dependent  economy. 
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The  economy  of  the  Santa  Clara-Ventura  watersheds  is  primarily  ag- 
ricultural. Of  the  total  area  cultivated,  65  percent  is  entirely  depen- 
dent upon  a sustained  supply  of  irrigation  water.  At  present  the  growth 


and  development  of  the  area’s  economy  is  solely  dependent  upon  its  lim- 
ited local  water  supplies.  There  are  no  nearby  feasible  sources  of  wa- 
ter for  importation.  Domestic  water  supplies  to  sustain  the  growing 
population,  which  has  increased  about  65  percent  since  1940*  is  entirely 
local.  The  bulk  of  the  area’s  gross  agricultural  production,  totaling 
68  million  dollars  in  1949,  is  derived  from  its  irrigated  lands.  Total 
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investment  in  storage  reservoirs  and  irrigation  facilities  is  well  in 

' VA 


excess  of  $100,000,000.  Many  hundreds  of  millions  of  dollars  have  been 
invested  in  developing  farms,  in  constructing  homes,  schools,  churches, 
processing  plants,  business  establishments,  and  all  the  necessary  facil- 
ities of  communication,  sanitation,  and  transportation.  In  addition,  a 
large  Federal  investment  has  been  made  in  permanent  military  establishments. 

All  of  these  developments  depend  upon  a reliable  supply  of  water 
from  underground  basins  and  reservoirs.  The  loss  of  reservoir  storage 
capacity  due  to  sedimentation  would  therefore  produce  a profoundly  ad- 
verse effect  on  the  economy  of  this  area  over  and  above  the  readily  eval- 
uated effects.  Similarly,  continued  sedimentation  of  the  extensive  water 
spreading  grounds,  one  of  the  principal  means  of  underground  basin  re- 
charge, increases  their  cost  of  maintenance  and  reduces  the  maximum  ef- 
fectiveness of  the  percolation  areas.  Peak  flods, because  of  their  high 
sediment  content  are  now  allowed  to  bypass  the  spreading  ground  until  the 
diminishing  flow  is  sufficiently  clear  to  percolate  into  the  ground. 

Reduction  of  the  rate  of  sediment  movement  will  materially  strength- 
en and  extend  the  life  of  the  irrigation  enterprise  and  the  entire  economy 
dependent  upon  it.  The  values  involved  here  are  as  important  as  those 


which  have  been  expressed  in  monetary  terms. 
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(2)  Increased  productivity  of  watershed  soil  and  forage  resources. 
Under  present  and  projected  future  watershed  conditions  soil  building  is 
an  exceedingly  slow  and  erratic  process.  Average  sediment  production 
now  ranges  from  900  to  4/700  cubic  yards  per  square  mile  annually  under 
present  watershed  conditions.  Expected  future  watershed  conditions  with- 
out a treatment  program  will  increase  this  average  annual  yield  to  about 
1,000  to  6,500  cubic  yards  per  square  mile.  If  during  some  future  in- 
terval of  time  the  watershed  receives  improved  treatment,  then  the  soil 
building  may  occur  and  the  maximum  cover  density  may  have  far  reaching 
effects  on  peak  discharges  and  sedimentation.  With  continued  loss  of 
soil  through  accelerated  erosion  the  capacity  of  the  site  to  produce 
forage,  crops,  or  usable  water  declines.  Installation  of  the  recommended 
program  will  reduce  (1)  the  rate  of  soil  loss  to  about  300  to  2,900  cubic 
yards  per  square  mile  per  year,  and  (2)  the  need  for  future  heavy  expen- 
ditures for  soil  improvement  and  stabilization. 

(3)  Greater  stability  of  business  and  employment.  The  program 
will  result  in  an  increase  in  the  sustained  annual  production  of  agricul- 
tural produce  and  livestock.  The  program  on  cultivated  land  will,  in 

some  cases,  permit  a conversion  to  higher  value  crops  with  resultant  higher 
land  values.  These  increases  will  not  only  help  stabilize  and  improve 
the  economic  condition  of  the  owners  and  operators  of  the  land  but  also 
that  of  local  labor  and  the  business  dependent  up  a steady  community  income. 

(4)  Enhanced  recreational  opportunities,  including  hunting  and 
fishing.  Other  important  benefits  not  directly  measurable  in  dollars 
will  accrue  to  the  recreational  phase  of  the  economic  life  of  the  basin. 

Fire  and  subsequent  erosion  have  destroyed  many  miles  of  stream  which 
once  supported  fish  life.  The  recommended  program  will  improve  stream 
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flow  conditions  and  make  possible  the  gradual  improvement  of  waterways 
through  reduced  sedimentation  and  more  sustained  year-long  flows.  Re- 


creation in  the  form  of (picniching,  camping,  fishing,  and  hunting  con- 
stitutes the  second  most  important  resource  in  the  wild-land  section, 
following  its  importance  in  water  production  and  control. 

(5)  Improvement  in  national  security.  The  program  will  contribute 
to  the  strengthening  of  the  long-time  national  security,  not  only  by 
halting  further  depletion  of  the  soil  resource  but  also  by  improving 
yields  of  usable  water,  the  essential  element  to  the  economic  growth 

of  this  watershed  and  its  military  establishments.  The  extent  to  which 
a Department  of  Agriculture  program  would  benefit  these  military  instal- 
lations would  naturally  increase  in  times  of  a national  crisis.  The 
flood  peak  reduction  resulting  from  the  total  program  would  also  assist 
in  preserving  service  and  maintenance  lines,  such  as  railroads,  highways, 
oil,  gas,  and  water  pipe  lines.  This  would  add  to  the  assurance  of  con- 
tinued production  and  operation  when,  otherwise,  delays  might  be  serious 
to  military  operations  and  research. 

(6)  Reduced  maintenance  costs  of  utility  and  transportation  lines. 
The  program  of  intensified  fire  control  will  reduce  the  average  annual 
amount  of  wild  land  burned  over  which,  without  the  program,  would  be  ex- 
pected to  increase  with  the  increase  in  the  population  and  general  devel- 
opment. Due  to  the  generally  rugged  terrain,  utility  and  transportation 
lines  which  traverse  the  area  have  suffered  occasional  increased  mainte- 
nance costs  resulting  from  storms  upon  fire-denuded  slopes.  This  increased 
maintenance  continues  for  several  years  until  a vegetative  cover  is  re- 
established. Data  were  available  for  an  evaluation  of  the  extent  to  which 
the  cover  protection  program  would  prevent  an  expected  increase  in  road 
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and  highway  maintenance  costs.  Lack  of  data  prevented  an  evaluation  of 
corresponding  benefits  to  other  services  such  as  railroads,  telephone 
and  telegraph  lines,  oil,  gas  and  water  lines,  aqueducts,  and  electric 
power  transmission  lines,  but  observation  of  past  fire-storm  damage  shows 
that  the  benefit  would  be  large. 

2.  Monetary  Benefits. — Monetary  benefits  represent  the  difference 
between  expected  future  flood  damages  plus  farm  and  ranch  income  with  and 
without  the  recommended  program.  Future  flood  damages  are  expected  to 
increase  unless  a remedial  program  is  installed. 

Total  annual  benefits,  as  shown  in  table  2,  are  about  $1,221,800, 
of  which  $650,800  are  flood  and  sediment  control  and  $571,000  conservation 
and  other  incidental  benefits.  Attainment  of  the  benefits  described  in 
this  report  is  dependent  on  the  installation  and  proper  maintenance  of  all 
recommended  measures  and  practices. 

Table  2. — Estimated  annual  value  of  future  benefits  from 
recommended  program 


Benefit 

: Average  an- 
: nual  value 

Dollars 

Flood  damage  reduction 

543, 100 

Reservoir  damage  reduction 

30, 200 

Channel  sedimentation  reduction 

77,500 

v\ 

Increased  farm  income 

280,000 

Increased  ranch  income 

59, 400 

Reduced  fire  suppression  costs  and  reduction  of 
property  loss  by  fire 

139,600 

Reduction  in  road  maintenance  cost 

92,000 

Total 

1,221, 800 
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COMPARISON  OF  BENEFITS  AND  COSTS 


Benefits  and  costs  in  this  report  have  been  computed  on  a common 
time  basis  using  194#  prices.  The  ratio  of  benefits  to  costs  on  this 
basis  is  1.2  to  1.0.  Adjusting  both  costs  and  benefits  to  "normal”  prices 
reflecting  those  that  might  be  obtained  under  an  intermediate  level  of 
employment  and  economic  activity  reduces  benefits  to  $1,065,100  and 
costs  to  $938,300.  Ratio  of  adjusted  benefits  to  adjusted  costs  is 
1.1  to  1.0 

In  summary,  careful  consideration  of  the  benefits,  both  evaluated 
and  nonevaluated,  leads  to  the  conclusion  that  the  program  as  outlined 
is  justified  and  therefore  recommended. 
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APPENDIX  1 
PHYSICAL  FACTORS 

Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek 


To  accompany  report  on  survey,  flood  control, 

Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek,  California 


* 


APPENDIX  1 


PHYSICAL  FACTORS 

Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek 


Physiography 

One  large  and  two  small  watersheds  have  been  combined  for  this  report* 

The  Santa  Clara  River  is  the  large  drainage  in  the  center  with  the 
Ventura  River  to  the  north  and  Calleguas  Creek  to  the  south.  These 
streams  flow  into  the  ocean  about  60  miles  northwest  of  Los  Angeles. 

The  total  area  of  the  combined  drainages  is  2,158  square  miles  or  1,381,120 
acres.  A brief  description  of  each  watershed  is  given  below. 

The  Ventura  River  is  a fan-shaped  coastal  stream  with  an  area  of  228 
square  miles  or  145,920  acres.  The  drainage  has  an  average  width  of 
11  miles  and  is  about  32  miles  in  length.  The  watershed  area  includes 
two  major  physiographic  units:  (l)  The  steep,  rocky,  chaparral -covered 

Santa  Ynez  Mountains,  which  attain  e maximum  elevation  of  6,000  feet  at 
Montecito  Peak  and  descend  abruptly  to  the  lower  lying  Ojai,  Upper  Ojai, 
and  Santa  Ana  Valleys;  (2)  the  more  rounded  coastal  hills  to  the  south, 
averaging  about  2,000  feet  in  elevation  and  characterized  by  a grass- 
oak-sagebrush  cover.  The  Santa  Ana  and  Ojai  Valleys  occupy  elevated 
positions  at  the  be.se  of  the  mountains  and  are  not  affected  by  floodwaters 
from  the  Ventura  River  proper.  These  valleys  are  subject  to  more  localized 
floods,  however,  from  Coyote,  Stewart,  Gridley,  Senor,  and  Horn  Creeks. 
During  large  floods,  debris-laden  flows  meander  across  the  alluvial  cones 
along  the  base  of  the  mountains,  cross  the  valley  floor,  and  cause  flood 
and  sediment  damage  en  route. 

The  Santa  Clara  River  heads  north  of  Los  Angeles  and  flows  west  for  ap- 
proximately 90  miles  to  the  ocean.  The  area  of  the  watershed  is  about 
1,620  square  miles  or  1,027,200  acres.  Most  of  the  watershed  is  rough 
and  mountainous  land,  largely  covered  with  chaparral  and  sagebrush.  Only 
about  10  percent  of  the  Santa  Clara  watershed  is  valley  floor  and  coastal 
plain.  The  mountains  in  the  we  stern  and  most  rugged  portion  are  rough 
and  broken  and  are  characterized  by  long  ledges  of  outcropping  rock  and 
precipitous  escarpments.  The  topography  is  less  severe  in  the  north  and 
eastern  sections.  The  highest  elevation  in  the  watershed  is  Mt.  Pinos 
at  8,826  feet.  The  main  tributaries  of  the  Santa  Clara  River  are  the 
Sespe,  Piru,  Santa  Paula,  and  Castaic  Creeks.  The  Sespe  drains  the  western 
part  of  the  watershed  consisting  of  the  most  rugged  terrain  in  the  water- 
shed. Piru  Creek  drains  the  northwest  section  consisting  of  high  mountains 
and  semidesert  valleys.  Castaic  Creek  drains  the  north  central  part  of 
the  watershed,  an  area  of  low  relief  with  a semidesert  climate.  Stream- 
flow  for  the  most  part  is  intermittent. 
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Calleguas  Creek  watershed  has  a total  area  of  325  square  miles  or  208,000 
acres.  This  watershed  is  oval  in  shape,  about  30  miles  long  and  14  miles 
wide.  The  topography  is  moderate  with  elevations  ranging  from  sea  level 
to  3,600  feet  in  the  headwaters  area.  The  main  stream  rises  in  the  Santa 
Susana  Mountains.  In  its  course  westward  it  is  known  as  Arroyo  Simi, 

Arroyo  Las  Posas,  and  finally  Calleguas  Creek  where  it  flov/s  through 
Pleasant  Valley  and  across  the  Oxnard  Plain  to  the  ocean.  Cone jo  Creek 
is  the  largest  tributary.  Calleguas  Creek  is  deeply  incised  in  the  sec- 
tions between  basins  but  within  the  basin  sections  flood  runoff  spreads 
and  causes  damage.  In  the  valley  sections,  save  for  the  Oxnard  Plain, 
alluvium  is  deep  and  great  gully  systems  have  been  built  up. 

Economic  Development 

Ventura  River  Basin  i/._  -The  1940  population  of  the  drainage  area  was 
between  9,000  and  10,000,  of  which  55  percent  was  rural  and  45  percent 
urban.  The  city  of  Ventura  had  a 1950  population  of  16, 532,  of  which 
more  than  3,000  reside  in  that  portion  of  the  city  which  is  in  the  Ventura 
River  basin.  The  remainder  cf  this  city  is  in  the  Santa  Clara  River  basin. 
The  only  other  incorporated  city  is  Ojai  which  had  a population  of  about 
2,500.  'The  growth  of  population  is  shown  by  the  following  figures  for 
Ventura  County: 


Year 

Pon  ul at ion 

1890 

10,071 

1900 

14, 367 

1910 

13,34V 

1920 

28,724 

1930 

54,976 

3.940 

68, 883 

1950 

114,647 

The  increase  between  1920  and  1930  was  largely  due  to  the  development 
of  an  oil  field  in  the  basin. 

The  principal  activities  of  the  Ventura  River  basin  are  agriculture, 
the  production  of  petroleum  and  natural  gas,  and  manufacturing.  The 
production  of  petroleum  and  natural  gas  is  by  far  the  most  important. 

About  11,000  acres  are  devoted  to  the  growing  of  citrus  and  deciduous 
fruits,  nuts,  and  field  crops,  of  which  about  4,000  acres,  including  the 
most  valuable  crops,  are  irrigated.  In  the  northern  part  of  the  basin 
about  64,000  acres,  or  44  percent  of  the  entire  drainage  basin,  are 
national  forest  lands  which  are  utilized  for  recreation  and  a limited 
amount  of  grazing. 


1/  Much  of  the  data  on  economic  development  has  been  obtained  from 
survey  reports  of  the  Corps  of  Engineers,  Department  of  the  Army. 
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Santa  Clara  Basin, — The  population  of  this  basin  was  estimated  at  36,000 
in  1945.  Almost  all  the  population  is  in  the  valley  area  along  Santa 
Clara  River  and  the  coastal  plain.  The  Oxnard  Plain,  which  is  affected 
by  underground  flow  and  surface  floods  from  the  Santa  Clara  River,  is 
more  densely  populated  than  the  Santa  Clara  River  drainage  area.  The 
total  1945  population  of  this  area  is  estimated  at  35,000.  The  popu- 
lation of  Oxnard  increased  from  about  3,500  in  1940  to  about  19,000 
in  1945,  and  the  population  of  Hueneme,  a seaport  on  the  Oxnard  Plain, 
increased  from  about  2,700  in  1940  to  about  35,000  (including  naval 
personnel)  in  1945.  Military  activities  were  chiefly  responsible  for 
these  increases. 

Agriculture  and  the  processing,  packing,  and  shipping  of  agricultural 
products  are  the  principal  occupations  in  the  basin  and  on  the  Oxnard 
Plain.  The  petroleum  industry  is  second  in  importance.  The  lower  alluvial 
valleys  and  the  coastal  plain  are  highly  developed  agricultural  areas 
and  the  upper  valleys  are  used  primarily  for  cattle  raising.  The  mountain 
area  constitutes  over  90  percent  of  the  Santa  Clara  River  basin  and 
includes  about  1,000  square  miles  in  the  Angeles  and  Los  Padres  National 
Forests. 

In  the  Santa  Clara  basin  about  50,000  acres  are  under  cultivation  of 
which  40,000  acres  are  irrigated;  on  the  Oxnard  Plain  about  45,000  acres 
are  normally  under  cultivation  of  ?/hich  40,000  are  irrigated.  Approxi- 
mately 90  percent  of  the  water  for  the  80,000  acres  under  irrigation 
is  pumped  from  the  underlying  water-bearing  gravels,  the  remaining  10 
percent  used  is  obtained  from  stream  diversions.  The  underground  water 
supply  is  replenished  partly  by  percolation  of  water  from  spreading 
grounds  along  the  Santa  Clara  River.  The  average  duty  of  water  varies 
from  0.9  to  about  2.3  acre-feet  per  acre  and  the  average  cost  of  water 
varies  from  about  §10  an  acre-foot  in  the  Santa  Clara  River  valley  to  about 
§5  an  acre-foot  on  the  coastal  plain.  Good  citrus  and  walnut  land  in 
the  Santa  Clara  River  valley  between  Ventura  and  Santa  Paula  is  valued 
at  approximately  §2,500  an  acre.  On  the  Oxnard  Plain  farm  land  is  valued 
at  §1,200  to  §1,500  per  acre. 

Calleguas  Creek  Basin.— The  1940  population  of  this  basin  v/as  estimated 
at  10, 500,  an  increase  of  50  percent  over  the  1930  population.  The 
war-time  increase  in  the  population  of  the  Oxnard  Plain  between  Calleguas 
Creek  and  Santa  Clara  River  has  been  discussed.  Exclusive  of  the  cities 
on  the  Oxnard  Plain,  nearly  all  inhabitants  live  in  the  agricultural  areas 
and  80  percent  of  the  1940  population  was  rural. 

There  are  several  fruit  and  walnut  packing  plants  in  the  basin  and  a 
large  beet  sugar  plant  at  Oxnard.  In  this  basin  oil  production  is  a 
minor  industry.  Most  of  the  population  is  engaged  in  farming  or  in 
the  preparation  of  farm  products  for  market. 

Approximately  63,000  acres  of  valley  land  are  under  cultivation,  of 
which  37,000  acres  are  irrigated  and  26,000  acres  are  dry-farmed.  These 
acreages  are  exclusive  of  the  Oxnard  Plain  which  was  described  in 
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connection  with  the  Santa  Clara  River.  About  14,000  acres  of  hillside 
land  are  cultivated,  of  which  only  2,300  acres  are  irrigated.  Part  of 
the  hill  and  mountain  areas  is  used  for  grazing.  From  1916  to  1929 
agricultural  development  reached  a peak  and  extensive  tracts  of  hillside 
land  were  brought  under  irrigation.  However,  many  of  the  hillside  farms 
were  abandoned  during  the  dry  period  from  1920  to  1932  when  the  water 
table  lowered  and  pumping  costs  increased. 

The  entire  supply  of  water  for  the  40,000  acres  of  irrigated  land  in 
the  Calleguas  Creek  basin  is  pumped  from  the  gravels  underlying  the 
valleys.  Most  of  the  farms  in  the  basin  have  their  own  pumping  installa- 
tions. An  extensive  drainage  system  has  been  installed  in  one  local 
area  which  formerly  had  a high  water  table. 

Many  data  on  the  economic  development  of  the  report  area  are  on  a county 
basis  and  cannot  be  segregated  by  river  basins.  Most  of  Ventura  County 
is  included  in  the  three  major  basins  of  the  report  area,  hence  data 
from  this  county  are  applicable  to  the  report  area,  also  this  county 
contains  most  of  the  economic  development  of  the  report  area. 

Ventura  County  has  an  area  of  1, 188,480  acres,  of  which  553*000  acres 
are  privately  owned,  and  558, 000  acres  are  national  forest.  Urban  and 
rural  population  is  about  evenly  divided.  Total  income  payments  to 
individuals,  estimated  at  $>44*756,000  in  1939*  rose  to  $5138, 892, 000 
in  1944*  a gain  of  more  than  210  percent.  Over  the  same  period  wages 
and  salaries  increased  270  percent.  Mineral  production,  chiefly  petroleum 
and  natural  gas,  was  valued  at  thirty  and  one-half  million  dollars  in 
1944.  In  the  1947-48  fiscal  year  the  assessed  value  of  property  in  the 
county  was  §160,209*000,  or  almost  double  the  value  (§84,063,000)  ten 
years  previously. 

The  gross  value  of  agricultural  production  in  1949  was  68  million  dollars 
in  round  figures,  or  three  times  that  of  1939  (22  million  dollars). 

Lemons  are  the  most  important  crop,  followed  by  oranges,  beans,  walnuts, 
vegetables,  and  dairy  products.  The  total  number  of  farms  in  Ventura 
County  is  2,000  and  the  average  size  is  260  acres.  The  1949  annual 
report  of  the  County  Agricultural  Commissioner  gives  the  value  of  all 
farm  land  as  §136, 187,000. 

Effect  of  Economic  Development  on  Flood-Control  Problems. — Data  on 
economic  development  of  the  report  area  show  the  remarkable  growth  in 
the  past  decade.  While  the  growth  was  stimulated  by  the  war-time  activity 
and  military  installations,  the  area  does  not  appear  to  be  undergoing 
a temporary  ’’boom11  which  may  later  dissipate.  Future  growth  is  on  a 
firmer  basis  than  some  other  areas  which  enjoyed  a war-time  increase 
in  population  and  activity.  In  this  area  the  increased  development 
has  been  more  of  the  nature  of  a broadening  of  the  region* s economic 
base,  from  the  previous  economy  which  was  based  primarily  on  petroleum 
production  and  citrus  culture.  Increased  industrial  activity,  establish- 
ment of  permanent  military  installations,  more  intensive  use  of  presently 
cropped  land  and  conversion  to  higher  value  crops,  extension  of  crops 
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to  the  less  desirable  agricultural  land,  and  the  accompanying  increase 
in  related  service  industries  are  features  of  the  expanding  economic 
development. 

The  increased  development  of  the  area  has  several  effects  which  are 
important  from  the  standpoint  of  flood  control  and  water  conservation. 

One  lies  in  the  general  increase  in  potential  flood  damages  due  to  in- 
creased population  and  the  higher  values  of  improvements  subject  to 
flooding,  over  conditions  existing  and  predicted  at  the  time  present 
flood-control  structures  were  planned. 

The  increase  in  population  has  led,  in  some  localities,  to  the  develop- 
ment of  residential  districts  in  flood  hazard  areas.  The  danger  of  such 
occupancy  is  not  apparent  in  years  of  low  winter  flows,  leading  to  continued 
development  and  the  ultimate  creation  of  a very  large  damage  potential 
in  areas  previously  considered  submarginal  and  of  low  value. 

The  impact  of  the  rapid  development  has  affected  nearly  all  phases  of  the 
area's  economic  pattern — land  use,  industrial  development,  transporta- 
tion lines,  water  use,  recreational  facilities,  etc.  A strain  is  placed 
on  the  areas1  service  utilities,  particularly  the  domestic  and  industrial 
water  supply,  increasing  the  necessity  for  finding  new  supplies  or  con- 
serving every  bit  of  the  local  supply.  Aside  from  future  possibilities 
such  as  atomic -powered  sea  water  distillation  or  a regional  shifting  of 
surplus  runoff  from  western  streams,  there  are  no  sources  of  new  water 
for  the  report  area. 

Present  agricultural  and  other  water  uses  have  reached  the  limit  of 
the  dependable  supply  of  groundwater  available  in  ’’dry  cycles.”  Main- 
tenance of  the  present  economy  of  the  area  depends  upon  additional  water 
supplies,  which  as  mentioned,  can  only  be  obtained  by  conserving  the 
local  supply  through  construction  of  storage  reservoirs.  This  stage 
in  the  area's  development  has  now  started.  While  reservoir  sites  exist, 
their  construction  will  be  costly  and  their  life  will  be  short  unless 
the  present  high  rates  of  sedimentation  are  reduced. 

The  pressure  of  population  increase  in  southern  California  has  led  to 
the  clearing  and  planting  of  land,  especially  in  the  eastern  end  of  the 
Santa  Clara  drainage,  which  has  doubtful  promise  as  cropland.  Unless 
carefully  handled  under  proper  conservation  methods  these  areas  could 
become  sources  of  high  sediment  production.  The  scattered  extension  of 
occupancy  to  the  margin  of  the  wildlands  increases  the  fire  hazard  to  the 
brush-covered  mountains  which  are  the  source  of  the  region's  water. 

As  would  be  expected,  the  increased  population  has  led  to  the  greater 
recreational  use  of  the  mountainous  areas  with  consequent  increase  in  the 
fire  risk  to  the  watershed  cover.  The  increased  use  in  the  past  few  years 
and  the  indicated  trend  for  the  future,  unless  matched  by  an  increase  in 
the  prevention  effort,  will  result  in  a greater  number  of  fires. 
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Climate 


The  Santa  Clara  climate  is  characterized  by  cool  moist  winds  from  the 
ocean  that  have  a moderating  effect  upon  the  climate.  The  typical  seasons 
are  long  dry  summers  and  short  wet  winters.  Frosts  are  rare  in  the 
coastal  region  but  common  in  the  inland  and  mountain  regions.  The  re- 
corded extremes  of  temperature  at  Oxnard,  on  the  coastal  plain  to  the 
west,  are  104°  F.  and  26°  F.  The  seasonal  and  diurnal  range  of  tempera- 
tures is  much  greater  inland.  At  San  Fernando,  to  the  east  of  Calleguas 
Creek,  the  recorded  extremes  are  113°  Ft  and  23°  F.  The  prevailing  winds, 
which  are  from  the  Pacific  Ocean,  are  of  light  to  moderate  velocity; 
the  highest  velocities  normally  occurring  in  the  spring.  About  73  per- 
cent of  the  annual  precipitatidn  occurs  from  December  to  March,  inclu- 
sive. Mean  seasonal  precipitation  varies  from  about  8 inches  in  the 
eastern  valley  areas  to  about  40  inches  in  the  Topatopa  Mountains  and 
is  about  14  inches  along  the  coast.  Snow  normally  covers  the  higher 
peaks  in  the  winter  but  it  is  not  an  important  factor  in  contributing 
to  the  flood  problem. 


Geology 

Within  the  Ventura  watershed  the  formations  vary  in  age  from  the  upper 
Cretaceous  to  the  lower  Pliocene.  The  exposed  rock  is  of  sedimentary 
origin  and  in  most  cases  is  soft  and  easily  eroded.  These  sediments, 
since  their  deposition,  have  been  elevated,  accompanied  by  some  folding 
and  faulting,  so  that  rock  outcrop  exposures  show  the  bedding  to  be 
steeply  inclined  and  in  some  cases  overturned.  The  general  strike  is 
east  and  west  and  dips  to  the  south  so  that  the  oldest  formation  is  at 
the  northern  boundary.  All  of  these  formations  are  well-cemented  and 
interbedded  sandstones,  shales,  and  conglomerates.  Scattered  through- 
out the  area  are  relatively  pervious  Terrace  deposits  (late  Pleistocene). 
Along  the  beds  of  the  principal  streams  are  found  deposits  of  Recent 
alluvium.  Most  of  the  commercial  wells  are  in  this  formation.  Lines 
of  topographic  expression  suggest  a number  of  faults  in  the  area. 

The  Santa  Clara  basin  is  underlain  by  an  impervious  basement  complex 
of  pre- Jurassic  schist,  quartzite,  slate,  granite,  and  limestone.  In 
large  sections  these  rocks  are  exposed,  principally  in  the  area  north 
of  the  Topatopa  Mountains  and  south  of  Soledad  Canyon  in  the  San  Gabriel 
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Mountains.  Most  of  the  basement  complex  is  overlain  by  friable  sand- 
stones, conglomerates,  and  shales,  laid  down  during  the  Tertiary  and 
Quaternary  periods.  These  rocks  are  exposed  over  large  portions  of  the 
mountains  and  foothills.  Volcanic  rocks  of  Miocene  age  outcrop  north 
of  the  Topatopa  Mountains  and  along  Soledad  Canyon  and  to  the  north. 

The  alluvial  deposits  are  very  deep  exceeding  1,000  feet  in  some  places. 
This  fill  forms  an  aquifer.!  from  which  water  is  pumped  for  agricultural, 
industrial,  and  domestic  use.  In  general,  the  sedimentary  formations  of 
the  lower  watershed  are  of  marine  origin  and  the  upper  portions  are  of 
non-marine  origin. 

The  Calleguas  watershed  is  also  underlain  by  a basement  complex  of  pre- 
Jurassic  crystalline  rocks.  It  differs  from  the  Santa  Clara  basin  in 
that  they  are  not  exposed  in  the  Calleguas  Creek  area.  The  more  recent 
formations  consist  of  Cretaceous  sandstones  and  shales.  Tertiary  shales, 
sandstones  and  conglomerates,  and  unconsolidated  Quaternary  alluvium 
and  terrace  deposits.  Igneous  rocks  outcrop  only  in  the  southwestern 
portion  of  the  area.  Excepting  a few  beds  of  Tertiary  conglomerates 
and  sandstone,  the  bedrock  of  the  area  is  relatively  impervious  to  water. 
The  valley  portions  of  the  basin  constitute  a valley  fill  exceeding  1,000 
feet  in  depth  in  portions  of  the  area. 


Drainage  Characteristics 

Continuous  flow  throughout  the  length  of  the  channel  in  the  Santa  Clara 
group  is  evident  only  during  the  rai’y/  season  and  in  some  instances  only 
during  periods  of  flood  flows.  The  flow  of  tributary  streams  is  for 
the  most  part  intermittent  in  character.  In  many  instances  the  valley 
fill  over  which  the  streams  flow’  absorbs  most  of  the  water  prior  to  the 
time  it  joins  the  main  river.  In  flood  the  mountain  reaches  of  the 
streams  are  heavily  laden  xvith  debris.  On  leaving  the  steep  mountain 
canyons  they  lose  their  transporting  power  and  the  load  of  debris  is 
dropped,  save  for  the  fine  material  which  is  moved  farther  downstream 
with  each  flow  and  eventually  delivered  to  the  ocean.  Spreading  v/orks 
have  been  developed  to  aid  percolation  into  the  underground  acquifer. 

All  streams  in  the  valley  portions  appear  to  be  aggrading.  The  flow 
from  large  storms  degrades-  the  channels  but  the  large  number  of  small 
storms  offsets  the  occasional  scouring.  The  net  result  is  apparent 
gradual  aggradation. 


Ground  Water 


The  streams  of  the  Santa  Clara  group  have  produced  great  natural  aquifer 
by  filling  the  bedrock  basins  with  material  eroded  from  the  surrounding 
mountain  areas.  The  major  portion  of  the  recharge  of  the  Oxnard  Plain, 
which  is  pumped  heavily,  comes  from  the  Santa  Clara  River.  Fifty-five 
to  60  percent  of  the  total  discharge  of  the  Santa  Clara  comes  from  two 
q?  its  tributaries,  namely,  Piru  and  Sespe  Creeks.  The  draft  upon  this 
underground  basin  for  irrigation  water  has  increased  greatly.  2 / Between 


Report  on  water  supply — Santa  Clara  Water  Conservation  District, 
Conkling. 


1947. 
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1944  and  1946  there  was  a 70  percent  increase  in  draft.  This  increased 
use  has  been  brought  about  by  an  increase  in  the  acreage  of  irrigated 
crops  and  the  introduction  of  crops  requiring  more  water  for  growth  and 
maturity. 

Records  of  precipitation  and  discharge  indicate  a great  cyclical  varia- 
tion* During  wet  cycles  the  supply  of  water  for  all  uses  is  adequate. 
However,  during  dry  cycles  the  demand  will  exceed  the  supply.  The  follow- 
ing tabulation  illustrates  the  variation  in  discharge  from  Sespe  and 
Piru  Creeks: 


Years 

. Length 
of 

period 

0 

• 

0 

0 

m 

Average  annual  discharge 

1894-1904 

Years 

11 

58 

percent  less  than  long-time  average 

1905-1918 

14 

45 

percent  more  " " ,f  " 

1919-1936 

18 

35 

percent  less  ” 7f  " ” 

1923-1936 

14 

49 

percent  less  " " n 11 

1937-1944 

3 

79 

percent  more  ” " ” M 

1945-1947 

3 

Discharge  less  than  long-time  average 

indicating  the  probability  of  the 
beginning  of  a new  cycle. 

Recent  studies  indicate  that  there  will  be  no  serious  permanent  overdraft 
above  the  Montalvo  basin.  The  shortage  will  occur  in  the  Oxnard  Plain 
below  Montalvo.  During  a cyclical  drought  such  as  occurred  in  the  14-year 
period,  1923-36,  it  is  estimated  that  the  average  annual  recharge  of  the 
coastal  plain  basin  by  the  Santa  Clara  River  would  total  25,000  acre-feet. 
Other  sources,  small  streams  and  precipitation  on  the  valley  floor,  would 
contribute  about  5,000  acre-feet.  Thus,  the  expected  recharge  rate  for 
the  basin  would  be  30,000  acre-feet  annually.  The  present  total  average 
annual  demand  is  60,000  acre-feet.  In  1947,  there  was  an  overdraft  of 
about  30,000  acre-feet  in  the  Oxnard  Plain  and  the  portion  of  Pleasant 
Valley  dependent  on  the  Oxnard  Plain.  The  most  recent  estimate  indicates 
30,000  acre-feet  as  the  average  annual  decrease  in  ground  water  under 
present  drought  conditions. 

Attempts  to  correct  this  overdraft  have  to  date  been  confined  largely 
to  the  construction  and  operation  of  spreading  grounds.  During  the  period 
1929  to  1939  the  Santa  Clara  Water  Conservation  District  has  spread  a 
total  of  165,688  acre-feet.  The  average  annual  quantity  of  water  placed 
in  the  aquifer  by  spreading  during  this  period  was  16,560  acre-feet. 
Spreading  grounds  are  located  along  Piru  Creek  near  Piru,  along  Santa 
Paula  Creek  near  Santa  Paula,  and  south  of  Santa  Clara  River  just  below 
South  Mountain.  The  total  capacity  of  these  spreading  works  is  about 
230  cubic  feet  per  second. 

Consideration  and  study  have  been  given  to  the  possibility  of  impound- 
ing water  in  reservoirs  for  use  during  the  rainless  season.  Several 

-8- 


reservoir  sites  on  Piru  and  Sespe  Creaks  have  been  considered.  In  1949 
a county  agency  completed  construction  of  a water- conservation  reservoir 
on  Matili ja  Creek,  a tributary  of  the  Ventura  River,  as  a first  step  in 
providing  additional  water  to  meet  the  growing  requirements  of  the  Ventura 
River  area.  At  the  same  time  studies  were  under  way  leading  to  construc- 
tion of  the  second  step,  a reservoir  on  Coyote  Creek,  another  tributary 
of  Ventura  River.  Cooperative  field  and  office  studies  of  this  reservoir 
are  being  made  by  the  Ventura  County  Flood  Control  District,  the  State 
Water  Resources  Board,  and  the  State  Department  of  Public  Works. 

The  studies  have  progressed  to  the  point  where  construction  can  be  started 
when  final  details  have  been  decided.  The  capital  costs  of  the  Coyote  Creek 
reservoir  have  been  estimated  by  the  State  Water  Resources  Board  at 
$9,189,000  and  $18,438,000  (1951  prices)  for  the  two  sizes  of  reservoir 
considered.  The  corresponding  capital  costs  per  acre-foot  of  net  seasonal 
safe  yield  would  be  $660  and  $840. 

The  cooperative  studies  mentioned  have  also  been  extended  to  cover  the 
possibilities  for  developing  and  utilizing  all  local  water  resources  to 
meet  the  present  and  future  needs  of  the  entire  county.  At  present, 
dam  site  conditions  are  being  explored  by  field  parties  and  the  many 
previous  water  supply  studies  are  being  reviewed. 

In  general  it  can  be  stated  that  water  storage  in  reservoirs  is  costly 
in  the  Santa  Clara  stream  group.  This  high  cost  is  caused  by  the  cyclical 
nature  of  the  rainfall.  This  necessitates  the  construction  of  large 
enough  reservoirs  to  carry  over  during  dry  cycles  and  emphasizes  the  im- 
portance of  preventing  reservoir  storage  space  loss  by  sedimentation. 

Soils 

The  soils  of  the  watershed  have  been  separated  into  two  groups,  based 
upon  topography  and  land  use— mountain  soils  and  valley  soils. 

A.  Mountain  Soils.—  The  residual  soils  for  the  most  part  are  shallow, 
unproductive,  and  nonagri cultural.  They  occupy  the  steep  rugged  moun- 
tain areas.  The  soils  formed  from  the  semi-and  unconsolidated  sediments 
are  subject  to  severe  erosion  when  the  vegetative  cover  is  removed.  In 
certain  areas  geologic  or  normal  erosion  is  very  active,  especially  the 
soils  derived  from  granite.  The  soils  derived  from  the  metamorphics 
are  less  subject  to  a high  normal  rate  of  geologic  erosion.  The  mountain 
soils  were  formerly  classified  as  "rough,  stony  land"  by  the  Bureau  of 
Chemistry  and  Soils.  Recently  the  soils  within  the  National  Forest 
boundaries  have  been  reclassified,  described,  and  mapped  according  to 
geologic  origin.  See  table  1. 


Revised  April  1952 
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Table  1.  Characteristics  of  watershed  soil  groups  in  the  Santa  Clara  and  Ventura  basins  l/ 
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Table  1.  Characteristics  of  watershed  soil  groups  in  the  Santa  Clara  and  Ventura  basins  l/  - Cont'd 
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B.  .Agricultural  Soils, — Agricultural  soils  have  been  described,  mapped, 
and  classified  by  the  Bureau  of  Chemistry  and  Soils  in  a published  re- 
port on  the  Ventura  area  in  1917*  This  report  covers  a major  portion 
of  the  agricultural  land  in  the  area*  The  Soil  Conservation  Service  has 
completed  a more  detailed  study  of  Dortions  of  the  valley  and  foothill 
soils  of  the  basin.  The  more  important  soils  are  grouoed  in  accordance 
with  origin* 

j 

! i | 

Residual  soils  are  mainly  identified  with  the  hilly  and  mountainous 
regions.  The,  soils  derived  from  the  sedimentary  rocks  are  moderately 
extensive*  The  surface  is  rolling,  hilly,  or  mountainous,  with  smell 
areas  of  rock  outcfop  in  places*  The  soils  are  well  to  excessively 
drained,  however,  they  are  Retentive  of  moisture  where  they  are  suffi- 
ciently deep*  The  soils  are  retentive  of  moisture  if  well  handled,  but 
the  heavier  soil  types  crack  and  dry  out  badly  when  undisturbed.  Soils 
derived  from  igneous  rocks  are  relatively  high  in  organic  matter.  They 
are  frequently  hard  and  compact,  and  the  heavier  phases  usually  have  an 
adobe  structure*  Typically  the  topography  is  hilly,  rolling,  or  moun- 
tainous, with  some  areas  of  rock  outcrop*  This  series  also  has  good 
drainage, 

The  old  valley-filling  and  coastal  plain  group  are  old,  unconsolidated, 
waterlaid  deposits  which  have  undergone  marked  change  in  their  subsoil 
and  topographic  features  since  deposition*  The  organic  matter  content 
is  usually  high  in  types  of  heavy  texture  but  lower  in  those  of  light 
texture.  They  occur  in  very  hilly  or  rolling  areas  on  smooth  or  eroded 
marine  or  stream  terraces,  or  on  the  sloping  remnants  of  old  alluvial 
fans.  These  old  alluvial  fans  have  either  been  elevated  since  their 
deposition  or  have  been  left  in  their  present  positions  by  the  cutting 
of  deeper  stream  channels  through  them.  These  soils  usually  are  inter- 
mediate in  elevation  between  the  residual  and  recent  alluvial  soils. 

In  contrast  with  the  recent  alluvial  soils  they  are  undergoing  active 
erosion  or  are  being  covered  with  recent  alluvial  material. 

The  recent  alluvial  soils  make  up  this  group.  They  consist  of  soils 
derived  from  sediments  that  have  not  undergone  material  changes  or 
internal  modification  since  their  deposition.  They  are  still  in  the 
process  of  formation. 

This  is  the  most  extensive  group  in  the  ar^a.  They  cover  the  Oxnard 
Plain  and  occur  also  as  river  bottom  deposits  and  as  numerous  alluvial 
fans  in  the  main  stream  valleys  at  the  mouths  of  tributary  drainages. 

In  a portion  of  the  smaller  valleys  no  distinct  bottom  lands  are  present 
the  valley  being  comDosed  of  numerous  small  fans  that  were  formed  by 
the  side  drainage  ways.  These  soils  are  formed  from  various  materials 
washed  from  the  areas  of  sandstone,  shale,  conglomerate,  basic  igneous 
rocks,  and  old  valley  filling  deposits.  These  soils  are  characterized 
by  permeable  surface  soils  and  subsoils  which  are  moderately  retentive 
of  moisture.  They  are  usually  well-drained  and  productive  but 
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injurious  quantities  of  alkali  occur  naturally  near  the  ocean  where 
the  water  table  is  near  the  surface.  This  alkali  condition  has  been 
overcome  on  most  of  the  areas  where  it  originally  occurred  by  a 
process  of  artificial  leaching.  Stratified  subsoils  are  common  in 
the  soils  of  this  group  with  this  characteristic  most  pronounced  in 
the  valley  bottoms  and  on  the  broad,  sloping  fans. 

Three  miscellaneous  kinds  of  soil  occupy  a minor  oortion  of  the  area 
and  are  unimportant  agriculturally  and  are  used  mainly  for  pasture. 
Namely,  they  are  (a)  Riverwash,  (b)  Coastal  beach  and  dunesand, 
and  (c)  tidal  marsh.  These  three  cover  only  a few  square  miles  on 
the  lower  parts  of  the  valley  floors. 

Natural  Vegetative  Cover 


Native  vegetation  has  probably  been  modified  by  man's  use  of  the  basin. 

It  is  impossible  to  indicate  accurately  the  original  undisturbed  condition. 
However,  early  records  indicate  that  with  the  establishment  of  the  Mexican 
regime,  fires  increased  in  severity  and  that  ranges  were  quickly  over- 
stocked, From  i860  to  1900  the  livestock  population,  except  during  drought 
years,  was  high.  Damaging  overuse  was  the  rule  rather  than  the  exception. 
During  this  era  newspaper  accounts  frequently  reported  great  fires  that 
were  set  because  it  was  the  belief  that  this  treatment  of  the  watershed 
would  increase  the  quantity  of  forage.  Creation  of  the  Reserves  and  later 
the  present  National  Forest  system  was  the  first  attempt  at  organized 
fire  control  and  grazing  regulation.  Not  until  the  Civilian  Conserva- 
tion Corps  was  inaugurated  in  1933  was  fire  control  fairly  effective. 

As  a result  of  this  early  abuse  of  the  vegetative  cover  it  has  been 
modified  in  many  respects.  The  conifer,  woodland,  and  mixed  chaparral 
types  have  been  pushed  back.  There  is  a marked  tendency  for  many  of 
the  most  valuable  litter-building  species  to  decrease  with  repeated 
burnings,  invariably  resulting  in  deterioration  of  both  the  cover  and 
the  site.  Probably  the  coniferous  type  has  suffered  the  greatest  areal 
loss.  Deterioration  of  the  chaparral  is  reflected  largely  in  a lowering 
of  the  height  and  a decrease  in  the  density  of  the  stand. 

In  the  following  table  the  acreage  of  the  various  cover  types  is  shown. 
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Table  2.  Native  cover  of  the  uncultivated  land  of  the  Santa  Clara  group 


Vegetative  cover  type 

Area 

in  acres 

: Total 

area 

• 

Ventura  . 

Santa  . 

Clara  . 

• 

Calleguas 

• • 

* • 

. Acres  . 

Percent 

Barren  and  semibarren 

1,537 

23,040 

— 

24,627 

2.06 

Grasslands  and  grass 

woodland 

6,361 

51,840 

28,672 

86,873 

7.22 

Sagebrush 

8,966 

213,760 

59,200 

281,926 

23.70 

Chaparral 

97,485 

528,640 

17,090 

643,215 

54.03 

Woodland 

5,926 

11,520 

— 

17,446 

1.56 

Pinon  and  juniper 

— 

87,680 

— 

87,680 

7.35 

Coniferous  forest 

— 

50,560 

— 

50,560 

4.28 

Total 

120,325 

967,040 

104,962 

1,192,327 

100.00 

The  barren  and  semibarren  areas  are  composed  of  broad  sandy  river  wash 
areas  and  portions  of  the  mountains  that  do  not  have  sufficient  soil 
to  support  a dense  enough  stand  of  native  vegetation  to  be  classed  in 
some  other  category. 

The  grass  and  grass  woodland  types  consist  of  some  broad-leaved  trees 
and  digger  pine  with  annuals  filling  the  interspaces.  The  dominant  annual 
species  are  wild  oats,  brome  grasses,  fescues,  and  alfileria.  The  common 
trees  are  blue  oak,  California  valley  oak,  Alvord  oak,  coast  live  oak, 
and  digger  pine. 

The  sagebrush  type  is  an  open  association  containing  sages,  sagebrushes, 
or  other  woody  plants  of  similar  character  and  restricted  in  this  area 
to  the  upper  Sonoran  Life  zone.  In  many  places  it  appears  to  be  a pioneer 
type  occupying  the  comparatively  raw  soils  of  washes  and  eroded  slopes. 
Plants  c liar  act  eristic  of  this  type  commonly  produce  very  little  litter. 

In  general,  the  dominant  species  vary  from  2 to  4 feet  in  height. 

In  the  chaparral  type,  the  portions  of  this  type  characterized  by  the 
dominance  of  chamise,  the  height  normally  ranges  from  3 to  8 feet.  Litter 
is  thin  and  this  reduces  its  effectiveness  in  controlling  run-off.  Where 
oak  and  manzanita  are  dominant  the  litter  is  deeper;  the  height  range 
is  from  4 to  12  feet.  Because  of  its  greater  density  and  better  rate  of 
litter  production  the  oak  and  manzanita  dominated  portions  of  the  chapar- 
ral type  form  a superior  watershed  cover. 

The  woodland  type  is  composed  of  various  broad-leaved  trees.  Normally, 
a closed  canopy  is  approached  or  formed.  Two  classes  of  sub -types  occur. 
The  first,  found  either  on  north  slopes  or  in  canyons,  is  characterized 
by  the  dominance  of  either  California  laurel  or  coast  live  oak.  The 
second  sub-type  is  restricted  to  caryon  bottoms  and  such  dominants  as 
alder,  sycamore,  cottonwood,  oak,  and  California  laurel  occur.  The 
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woodland  type  is  important  from  both  the  recreational  and  watershed 
standpoints. 

The  pinon  and  juniper  types  are  dominated,  either  individually  or  to- 
gether by  stands  of  single-leaf  pinon  pine  and  California  juniper.  The 
trees  are  usually  open-spaced  and  in  association  with  the  local  sage- 
brush, chaparral,  or  herbaceous  plants  and  in  many  cases  blue  oak  and 
Alvord  oak.  Generally,  in  juniper  sagebrush  associations,  the  sage- 
brush species  are  dominant. 

The  coniferous  forest  areas  occupy  the  highest  elevations  and  are  usually 
dominated  by  big-cone  spruce.  From  the  evidence  of  scattered  indivi- 
duals and  standing  dead  trees  it  seems  apparent  that  this  type  has  been 
replaced  by  chaparral  in  many  areas.  The  surviving  remnants  generally 
occur  where  they  have  been  afforded  natural  protection  from  fire,  such 
as  on  rocky  slopes. 

Flood  and  Erosion  So\rr- ces  and  Problems:  Wildlands 


The  principal  flood  sources  can  be  segregated  into  two  broad  areas — the 
mountainous  wildlands  occupying  90  percent  of  the  basin  and  the  agricul- 
trual  lands  of  the  valleys  and  lower  foothills.  Floods  originate  on 
the  Yfildlands,  as  they  receive  at  least  95  percent  of  the  precipitation. 
For  the  most  part  the  cover  can  be  rated  only  fair,  having  deteriorated 
during  the  past  century  due  to  fires,  overgrazing,  cultivation,  and  urban 
road  and  oil  field  development.  In  the  eastern  portion  arid  and  semi- 
arid  conditions,  plus  recurrent  fires,  have  apparently  caused  serious 
site  deterioration.  This  retards  the  naturally  rather  slow  rate  of  plant 
recovery. 

No  accurate  record  of  the  condition  of  the  watershed  in  its  primitive 
condition  exists.  However,  such  records  as  are  available  indicate  that 
great  change  has  taken  place.  Under  primitive  conditions  reasonable 
equilibrium  existed  bet?/een  precipitation,  vegetation,  and  soil.  Evi- 
dence of  recently  accelerated  erosion  is  to  be  found  in  the  boulder- 
strewn  channels,  and  the  presence  of  broad  sand-  and  gravel-choked  stream 
beds  and  large,  raw  gullies.  The  erosion  rate  at  the  present  time  is 
relatively  high,  ranging  from  about  700  to  5, 200  cubic  yards  per  square 
mile  per  year. 

The  most  notable  characteristic  of  the  Santa  Clara  group  of  streams  is 
that  the  stream  beds  are  filled  with  sand  from  the  very  headwaters.  Con- 
sequently, when  heavy  precipitation  falls  the  torrential  flows  are 
bulked  by  debris  and  then  meander  across  the  high  valleys  and  spill  in- 
to the  main  drainages.  The  result  is  that  land  and  physical  improvements 
are  damaged  along  the  entire  length  of  the  streams. 

The  major  problem  in  the  wildlands  area  is  the  maintenance  and  improve- 
ment of  the  vegetative  cover  and  control  of  large  quantities  of  debris 
available  in  the  channels.  Destruction  of  plant  cover  and  ground  litter 
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by  fire  exposes  watershed  slopes  to  the  full  impact  of  heavy  rains. 
Repeated  fires  and  the  erosion  that  follows  bring  about  progressive 
site  deterioration  which  is  reflected  in  accelerated  runoff  and  erosion 
rates.  Protection  from  fire  alone  "all  not  bring  about  the  desired  re- 
duction in  floodwater  and  sediment  damages.  Revegetation  of  active 
sediment-producing  areas  to  native  vegetation  suitable  to  the  site  is 
required  where  vegetation  is  lacking  or  is  very  sparse.  Improved  range 
management  is  needed  to  secure  increased  density  of  plant  cover,  reduce 
the  effect  of  trampling,  and  increase  the  infiltration  capacity  of  the 
soil. 

Hie  high  rate  of  sedimentation  seriously  affects  the  economics  of  reser- 
voir construction.  Channel  stabilization  is  needed  in  certain  areas  to 
control  huge  quantities  of  debris  that  are  now  in  transit  in  the  channels 
and  to  stabilize  channel  side  slopes  in  order  that  vegetation  may  become 
established  and  thus  restrain  further  erosion.  Oil-field  development, 
with  total  disregard  of  the  need  for  soil  stabilization,  has  contributed 
materially  to  abnormal  rates  of  erosion  and  runoff.  Road  and  highway 
construction  is  adding  to  the  problem  by  creating  erodible  fill  and  over- 
cast slopes  and  uncontrolled  surface  drainage.  All  of  these  combine  to 
create  problems  difficult  to  control. 

Flood  and  Erosion  Sources  and  Problems:  Agricultural  Lands 

Flood  and  sediment  problems  in  the  valley  and  foothill  agricultural  areas 
arise  from  accelerated  erosion  on  the  watershed  agricultural  lands  and 
wildlands  and/or  inadequate  water  courses  on  the  streams,  minor  tribu- 
taries, and  farms.  Primary  sources  in  agricultural  areas  are  lands  not 
suitable  for  continuous  cultivation  and  from  stream  channel  erosion  in 
the  deep  valley  fill.  More  intensive  development  of  rural  areas  will 
inevitably  create  flood  problems  and  require  controls  not  anticipated 
at  this  time. 

In  several  instances  local  flood-protection  districts  have  been  organized 
to  cope  with  specific  problems.  However,  their  resources  have  been  too 
limited  for  very  complete  controls.  The  recently  organized  Ventura 
County  Flood  Control  District  provides  a medium  for  prosecution  of  local 
improvements  within  its  resources. 

Flood  damage  on  Calleguas  Creek  upstream  from  Camarillo  is  primarily  con- 
cerned with  streambank  cutting  and  resultant  loss  of  valuable  agricul- 
tural land.  Downstream  from  Camarillo  on  the  Oxnard  Plain,  the  problem 
is  one  of  sedimentation  of  all  stream  channels.  The  source  of  sediment 
of  lower  Calleguas  Creek  is  primarily  and  equally  from  streambank  cutting 
and  sheet  erosion  of  agricultural  land  in  Calleguas  Creek  waterhsed 
above  Camarillo.  Substantial  floodwater  and  sediment  damage  occurs  in 
tributaries  throughout  the  watershed.  2/ 


1/  Carl  B.  Brown  and  George  W.  Collier.  Soil  and  water  conservation 
research  needs  in  the  Simi  Valley  and  adjacent  areas,  Ventura, 
California. 
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Las  Posas  drains  into  Calleguas  Creek  through  Revelon  Slough.  Flood- 
water  and  sedimentation  damage  to  agriculture  and  improvements  occurs 
in  the  vicinity  of  discharge  of  Las  Posas  wash  onto  the  Oxnard  Plain. 

Water  flows  overland  for  two  miles  before  being  picked  up  by  the  Revelon 
Slough  drainage  system.  The  source  of  sediment  is  the  Las  Posas  area. 
Sheet  and  gully  erosion  both  supply  material.  Much  sheet  erosion  re- 
sults from  improper  land  use.  Gullies  are  deeply  entrenched  in  alluvium 
and  are  active  sources  of  sediment  except  in  gully  reaches  stabilized 
during  operation  of  a Soil  Conservation  Service  demonstration  project. 
Local  scour  and  deposition  occur  within  the  Las  Posas  area  from  uncon- 
trolled concentration  of  tributary  flow. 

Frequent  damage  to  agriculture  and  roads  by  water  and  sediment  occurs 
along  Del  Norte  and  Santa  Clara  Avenue  in  the  north  part  of  the  Oxnard 
Plain  near  South  Mountain.  Hie  sources  of  sediment  are  in  the  extreme 
west  part  of  the  Las  Posas  area  and  gully  erosion  adjacent  to  South 
Mountain.  As  in  the  case  of  Las  Posas  wash,  no  defined  channel  section 
exists  in  the  Oxnard  Plain  between  the -hills  and  Revelon  Slough,  a distance 
of  about  four  miles. 

Lack  of  channel  definition  in  the  local  drainage  area  immediately  south 
of  and  paralleling  Las  Posas  Road  near  Camarillo  is  the  cause  of  a 
problem  involving  both  scour  and  sedimentation  of  agricultural  land. 

Water  and  sediment  flow  from  the  Camarillo  hills  through  defined  gully 
sections  to  Las  Posas  Road. 

In  the  Santa  Clara  River  valley  flood  damage  in  agricultural  areas  from 
small  tributary  streams  and  local  runoff  occurs  primarily  in  the  valley 
lands  between  the  Santa  Clara  River  and  hills  to  the  north. 

Between  Ventura  and  Santa  Paula  these  valley  lands  are  largely  planted 
to  citrus,  walnuts,  and  beans.  Soils  are  of  medium  and  heavy  texture 
producing  relatively  high  rates  of  local  runoff.  Runoff  from  the  hills 
on  the  north  passes  through  the  area  in  entrenched  gullies  near  the  hills, 
which  decrease  in  size  to  inadequate  sections  near  the  river.  Flood 
problems  arise  from  concentration  of  local  runoff  on  the  agricultural 
valley  slopes,  bank  cutting  in  the  gully  or  barranca  reaches,  and  sedi- 
ment or  floodwater  damage  adjacent  to  lower  stream  sections  approaching 
the  Santa  Clara  River. 

East  of  Santa  Paula  tributary  streams  issue  from  hills  of  relatively  un- 
stable geologic  formation.  Stream  sections  are  poorly  defined  on  the 
alluvial  slopes.  Citrus  development  on  these  areas  as  far  east  as  Piru 
are  subject  to  characteristic  flood  hazards  of  sedimentation  and  shifting 
stream  courses. 

East  of  Piru  agricultural  lands  in  the  watershed  generally  occur  as 
small  areas  of  deep  alluvial  valley  soils  along  the  Santa  Clara  River 
or  larger  tributaries.  Practically  all  have  a problem  of  streambank 
cutting  or  stream  overflow.  Most  of  the  irrigable  land  is  very  productive 
and  is  intensively  farmed  to  truck  and  field  crops.  This  watershed  area. 
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largely  within  Los  Angeles  County,  is  all  within  the  Quail  Lake  and 
Upper  Santa  Clara  Soil  Conservation  Districts, 

Bordering  the  river  on  the  south  side  is  the  Bardsdale  area.  This  is 
largely  developed  to  citrus.  Local  runoff  disposal  facilities  are  well 
developed  in  part  of  the  area.  Other  sections  are  subject  to  sedimen- 
tation damage  from  Crimes  Canyon  and  flows  from  smaller  canyons. 
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APPENDIX  2 


HYDROLOGIC  ANALYSIS  OF  THE  FLOOD  PROBLEM 
Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek 


In  the  development  and  evaluation  of  flood  prevention  and  control  ac- 
tivities, information  on  the  size  and  number  of  floods  to  be  expected 
is  required.  Of  equal  importance,  however,  is  a development  of  methods 
for  estimating  the  effects  of  flood-control  measures  on  flood  size. 

Past  floods  and  past  storms  furnish  the  chief  clue  to  both  the  size 
and  number  of  future  floods  that  may  be  expected.  To  obtain  the  effects 
of  flood-control  measures  on  future  floods,  a determination  is  made  of 
the  physical  differences  in  watersheds  which  will  be  produced  by  these 
measures.  Then  tests  are  made  of  what  effects  such  physical  differences 
have  produced  in  past  floods  and  sedimentation  from  watersheds. 

The  major  subdivisions  of  the  flood  problem  in  these  watersheds  are 
l)  the  determination  of  the  frequency  of  peak  discharges  at  damage  points 
in  the  watershed,  and  2)  the  determination  of  the  sediment  delivery  at 
damage  and  water  use  points  in  the  watershed. 

FREQUENCY  OF  PEAK  DISCHARGES 

If  flood  discharges  from  a watershed  had  been  measured  for  several  hundred 
years,  and  if  watershed  conditions  remained  static,  then  the  frequency 
of  expected  discharges  could  be  readily  determined.  However,  watershed 
conditions  have  been  changing  and  are  continuing  to  change.  Discharge 
records  are  short  and  have  been  measured  under  varying  watershed  con- 
ditions. Therefore,  it  has  been  necessary  to  study  flood  "causes”  to 
determine  how  meteorological  events  combine  to  produce  discharges,  and 
how  watershed  conditions  and  changes  in  watershed  conditions  affect 
discharges.  The  results  of  these  studies  permit  extension  and  adjust- 
ment of  past  short-term  discharge  records  before  making  estimates  of  dis- 
charge frequency  and  provide  a basis  for  estimating  the  changes  that  flood- 
control  measures  will  bring  about  in  future  flood  frequencies. 

The  particular  discharge  event  whose  frequency  is  needed  is  often  the 
peak  or  maximum  discharge.  If  frequency  of  peak  discharges  can  be  de- 
termined, average  annual  damages  may  be  estimated.  If  the  effect  of 
land  management  or  other  flood-control  measures  on  discharges  can  be 
evaluated,  the  reduction  in  damages  resulting  from  a proposed  flood-control 
program  may  be  assessed. 

Flood  causes  may  be  grouped  into  two  broad  categories:  the  precipitation 
characteristics  and  the  physical  characteristics  of  the  watershed  which 
govern  the  disposition  of  the  precipitation. 

Precipitation  Characteristics. —Most  of  the  storms  in  this  region  are 
associated  with  the  extra-tropical  cyclones  of  North  Pacific  origin. 
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During  the  winter  months  these  storms  move  south  over  the  ocean,  being 
warmed  and  picking  up  moisture  en  route  until  they  are  forced  landwardd 
by  the  Pacific  high  pressure  zone.  As  the  storms  reach  land  they  meet 
the  cold  air  masses  and  the  mountains  which  force  the  moisture-laden 
air  to  rise  and  produce  torrential  precipitation  over  much  of  southern 
California.  Occasionally  local  thunderstorms  which  produce  high  intensities 
occur  both  in  connection  with  the  general  winter  storms  and  independent 
of  them. 

Most  of  the  precipitation  received  in  the  drainage  is  in  the  form  of 
rain.  Some  snowfall  occurs  in  the  high  mountains,  but  snow  melt  in 
this  area  is  generally  considered  to  have  little  effect  upon  the  flood 
flows  of  the  main  drainage  system. 

The  distribution  of  the  precipitation  throughout  both  long-  and  short-term 
periods  influences  floods.  The  short-time  intensities  of  precipitation 
are  critical  elements  in  influencing  the  magnitude  of  the  peak  discharge 
of  the  individual  flood.  At  the  other  extreme,  the  long-time  cycles  of 
precipitation  influence  seasonal  runoff  and  the  frequency  of  flood  events. 

In  this  area  the  average  annual  precipitation  varies  widely  with  eleva- 
tion and  geographic  position.  Mean  seasonal  precipitation  varies  from 
8 inches  in  the  valley  at  the  eastern  boundary  of  the  Santa  Clara  drainage 
to  about  14  to  16  inches  on  the  coastal  plains  and  to  40  inches  in  the 
higher  mountains.  For  individual  years  the  precipitation  has  varied  from 
as  little  as  one-fourth  to  as  much  as  two  times  the  average  annual. 
Pronounced  cycles  of  wetness  and  dryness  are  indicated  by  the  ten-year 
moving  average  of  the  annual  wetness  as  shown  in  figure  1.  (Figures 
and  tables  are  located  at  the  end  of  the  appendix. ) 


The  distribution  of  precipitation  by  seasons  within  each  year  varies 
widely.  During  the  summer  time  measurable  precipitation  is  rare  since 
the  Pacific  high  pressure  zone  moves  inland  over  the  southwestern  United 
States,  effectively  deflecting  storms  from  this  area.  Consequently, 
about  90  percent  of  the  annual  precipitation  occurs  during  the  six-month 
period  from  November  to  April. 

The  amount  of  high  intensity  precipitation  and  the  wetness  of  the  water- 
shed are  of  primary  importance  in  influencing  the  size  of  floods.  These 
factors  ma;/  be  characterized  respectively  by  the  maximum  1-day  precipita- 
tion and  by  the  21-day  antecedent  precipitation  to  a storm.  The  distribu- 
tion of  these  events  for  a 69-year  period  in  a nearby  watershed,  Big 
Santa  Anita,  near  Los  Angeles,  is  given  in  table  1.  These  storm  pre- 
cipitation events  with  their  associated  watershed  wetness  may  be  con- 
sidered the  primary  meteorological  causes  of  past  floods.  For  a given 
meteorological  event  the  size  of  the  flood  has  been  wholly  dependent 
on  the  characteristics  of  the  v/atershed  upon  which  the  precipitation 
fell. 

Watershed  Characteristics. — Watershed  characteristics  influencing  flood 
problems  vary  both  in  space  and  time.  These  variations  provide  a basis 
for  evaluation  of  the  effects  of  watershed  characteristics  on  floods. 
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The  geologic  types  and  their  associated  soils  and  the  vegetation  cover 
and  associated  land  use  are  two  major  watershed  characteristics  which 
may  influence  floods.  Geology  in  the  area  is  highly  variable  between 
watersheds  whereas  vegetation  cover  is  highly  variable  both  between  water- 
sheds and  in  time  within  a single  watershed. 

The  geologic  types  range  from  highly  erodible  unconsolidated  and  semi- 
consolidated  sediments  to  hard  indurated  sedimentary,  metamorphic,  and 
granitic  rocks.  These  formations  have  been  complexely  folded  and  broken 
by  several  east-west  faults.  The  rugged  relief  of  the  mountain  areas 
reflects  this  folded  and  broken  condition.  Alluvial  deposits  make  up 
the  valley  areas.  (More  details  of  the  geology  and  soils  are  given  in 
section  on  erodibility  and  table  10.) 

The  vegetation  which  the  soils  support  is  characterized  by  types  which 
are  able  to  withstand,  in  various  ways,  recurrent  fires  and  various 
degrees  of  soil  and  atmospheric  drought.  The  types  range  from  annual 
grasses  in  the  lower  areas  to  dense  chaparral  and  conifers  on  the  moun- 
tain slopes  where  water  is  available  and  to  near  desert  types  where  pre- 
cipitation is  light.  Thus,  areal  variation  in  cover  density  is  high. 

Even  within  a single  rainfall  zone  individual  tributary  watersheds  may 
vary  in  cover  density.  Field  examination  indicates  that  the  existing 
cover  types  even  at  full  age  develop  maximum  densities  ranging  from  44 
to  60  percent  for  whole  watersheds.  Similarly,  within  individual  tributary 
drainages,  greater  variation  is  apparent  as  the  result  of  fire.  In  many 
areas  fire  has  reduced  cover  density  to  zero  over  large  areas  of  indi- 
vidual watersheds.  In  recent  years,  fire  alone  has  been  responsible  for 
modifying  the  average  cover  density  within  single  watersheds  from  a low 
of  about  2 percent  to  a high  of  60  percent.  Past  variations  and  their 
effects  have  been  taken  into  account  in  evaluating  flood-control  needs, 
since  these  variations  provide  a basis  for  evaluating  the  influence  of 
watershed  characteristics  on  runoff. 

Runoff . --General  descriptions  of  floods  on  the  Santa  Clara  River  date 
back  to  1811.  These  data  indicate  that  since  that  year  five  great  floods 
and  thirty  medium  and  large-sized  floods  were  experienced  on  the  Santa 
Clara  River.  The  greatest  flood  probably  occurred  in  1862  while  other 
large  floods  with  discharges  over  100,000  c.f.s,  happened  in  1811,  1825, 
1884,  1913?  1914?  and  1938.  The  1938  flood  was  estimated  to  have  had  a 
peak  discharge  of. 115,000  c.f.s.  near  its  mouth.  Because  of  similar 
hydrologic  conditions  the  flood  history  on  the  Ventura.  River  has  probably 
been  very  much  the  same  as  that  of  the  Santa  Clara  River. 

The  peak  discharge  records  for  the  streams  in  these  basins  are  rather 
fragmentary — about  14  gaging  stations  have  been  operated  at  various 
times.  The  longest  record  of  peak  discharges  is  for  Sespe  Creek  from 
which  the  maximum  yearly  peak  discharges  have  been  reported  since  1923. 

The  majority  of  the  stations  have  been  operating  only  since  about  1927. 

The  maximum  recorded  peak  discharges  and  other  pertinent  data  for  a few 
representative  gaging  points  are  given  in  table  2. 
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Since  peak  discharge  records  were  short  and  the  past  watershed 
conditions  under  which  the  discharges  were  measured  were  highly  variable, 
the  need  for  extending  the  period  of  discharge  records  and  adjusting 
the  discharges  to  some  comparable  basis  before  estimating  flood  frequency 
is  apparent. 

Method  of  Obtaining  Peak  Discharge  Frequencies. --The  basic  need  for 
determination  of  peak  frequency  from  a watershed  is  a long  record  of 
discharges  for  a constant  watershed  condition.  The  long  record  is  obtained 
by:  1)  using  the  short  record  to  determine  the  relation  of  peak  discharges 

to  precipitation  characteristics  of  the  storms  causing  the  discharge; 

2)  then  extending  the  record  to  equal  the  period  of  the  long-term  pre- 
cipitation record  by  using  the  relationship  found  in  l)  above. 

Estimated  discharges  for  a constant  comparable  watershed  condition  are 
obtained  by  adjusting  the  measured  discharges  for  the  differences  between 
the  watershed  cover  at  the  time  the  discharge  was  measured  and  the  cover 
under  some  standard  condition.  The  magnitude  of  adjustment  needed  is  ob- 
tained by:  l)  determining  in  quantitative  terms  how  differences  in  water- 

shed conditions  in  the  past  affected  the  magnitudes  of  discharges;  2) 
then  adjusting  each  discharge  to  its  expected  value  under  some  assigned 
constant  watershed  condition.  The  same  basis  of  adjustment  is  applied 
to  determine  how  flood-control  measures  which  influence  watershed  conditions 
will  affect  discharges. 

A determination  was  made  of  how  storm  magnitudes,  watershed  wetness, 
and  watershed  cover  conditions  combine  to  produce  stream  peak  discharges. 

The  following  steps  were  involved: 

1.  For  the  period  when  discharge  measurements  were  available  and  water- 
shed cover  density  could  be  determined,  23  storms  were  selected  to  give 
representative  coverage  of  storm  sizes  on  wet,  moderately  we t,  and  dry 
watersheds,  A storm  was  defined  as  a period  of  precipitation  unbroken 
by  lapses  of  greater  than  24  hours  and  with  a total  precipitation  of 
0.02  inch  or  more. 

2.  Twenty-nine  watersheds  ranging  in  area  from  one  to  202  square  miles 
were  chosen  so  as  to  represent  as  wide  a range  in  conditions  as  possible. 

The  watersheds  were  located  in  the  nearby  San  Gabriel-San  Bernardino 
Mountains. 

3.  For  those  storms  and  those  watersheds  for  which  the  best  rainfall 
data  were  available  127  storm- water shed  data  were  compiled. 

a.  The  maximum  24-hour  precipitation  during  each  storm  on  each 
watershed  was  determined  from  available  precipitation  measurements. 

The  maximum  24-hour  precipitation  was  taken  to  represent  storm  intensity. 

b.  Tho  precipitation  occurring  in  the  21  days  antecedent  to  the 
storm  maximum  24-hour  precipitation  was  taken  as  an  index  of  water- 
shed wetness. 


c.  The  average  cover  density  on  each  watershed  during  each  storm 
was  determined  by  applying  the  relationships  of  cover  density  to 
cover  type,  cover  age,  and  geology,  as  developed  by  J.  S.  Horton, 

U.  S.  Forest  Service,  and  summarized  in  table  6 so  that  the  relation- 
ships may  be  reproduced.  Fire  history  compilations  by  areas  of  cover 
types  and  geology  had  been  prepared  and  were  available  at  San  Dimas 
Experimental  Forest  for  most  of  the  watersheds.  The  average  cover 
density  on  a watershed  was  then  merely  the  area  weighted  average  of 
the  cover  densities  read  from  the  appropriate  growth  curves  of  table 
6 for  the  particular  cover  ages  on  the  watershed  at  the  time  of 
the  storm. 

4.  The  storm  and  watershed  characteristics  were  expressed  quantitatively 
as  variables  and  the  associated  peak  discharge  was  tallied. 

3.  The  relation  of  the  measured  peak  discharges  from  the  water  sheds 
for  the  storms  to  the  storm  and  watershed  variables  was  determined  by 
multiple  regression  analysis. 

Regression  Results. — The  relation  of  peak  discharge  from  watersheds 
to  the  two  precipitation  variables,  watershed  area  and  watershed  cover 
density,  is  given  by  equation  (a),  table  3.  For  definition  of  variables 
see  table  4.  All  variables  were  significant  at  the  1 percent  level. 

In  order  to  test  for  possible  distortion  in  the  logarithmic  function 
employed,  tests  were  made  of  the  joint  relationship  between  24-hour 
precipitation  and  cover  density,  between  24-hour  and  21-day  antecedent 
precipitation,  and  between  watershed  area  and  cover.  None  of  these  was 
significant.  The  functions  as  determined  were  used  in  extending  discharge 
records  on  the  basis  of  the  long-term  precipitation  records  and  in  evaluat- 
ing cover  effects  on  discharges. 

Extension  of  Discharge  Records. — The  method  of  extension  is  given  here 
for  the  Big  Santa  Anita  watershed  which  in  turn  may  be  used  to  extend  the 
records  for  other  watersheds  by  correlation  of  discharges.  Big  Santa 
Anita  had  a precipitation  station  on  Mb.  Wilson  at  the  head  of  the  water- 
shed for  30  years  and  only  minor  changes  in  cover  density  during  the  period 
The  30-year  record  of  precipitation  at  Mb.  Wilson  was  extended  to  a 
69-year  record  by  correlation  of  precipitation  with  Los  Angeles.  The 
resulting  69-year  record  of  maximum  24-hour  and  antecedent  21-day  pre- 
cipitation for  3ig  Santa  Anita  is  given  in  table  1. 

Having  an  extended  precipitation  record,  the  frequency  of  peak  discharges 
was  obtained  in  four  steps,  as  follows: 

1.  Equation  (a)  was  used  to  calculate  the  peak  discharges  for  all  of 
the  storms  of  the  long-time  precipitation  record  given  in  table  1. 

(The  actual  storm  sizes  were  used  for  the  large  events  and  the  means  of 
the  groups  of  table  1 for  the  small  events.) 

2.  Observed  discharges  for  Big  Santa  Anita  v/ere  tallied.  As  Big  Santa 
Anita  had  not  been  burned  since  1910,  no  adjustments  in  discharges  for 


' 


cover  changes  were  necessary, 

3.  For  all  storms  occurring  during  the  period  of  discharge  record 
(October  1,  1916,  to  April  30,  1946)  the  calculated  discharge  was  plotted 
against  the  observed  discharge  for  the  storm  (see  figure  2). 

4.  On  the  basis  of  the  trend  line  of  figure  2,  the  calculated  discharges 
for  the  period  of  no  observed  discharges  (October  29,  1877,  to  September 
30,  1916)  were  corrected. 

The  30  years  of  observed  peak  discharges  plus  the  39  years  of  corrected 
calculated  peak  discharges  constituted  an  estimate  of  discharges  for  the 
69-year  period  for  40-year-old  cover  from  which  the  frequency  was  obtained. 

From  the  standpoint  of  discharge  frequency,  the  relation  established 
in  figure  2 constituted  a correction  of  the  calculated  discharges  for 
nearly  all  the  individual  characteristics  of  the  watershed  that  affected 
the  discharges.  That  is,  the  discharges  are  corrected  for  the  effects 
of  the  geology,  shape,  and  other  physiographic  features  of  the  watershed, 
for  errors  in  measuring  watershed  precipitation,  and  for  snow  effects. 
Although  there  is  considerable  dispersion  about  the  trend  line  of  figure 

2,  still  the  estimate  of  the  frequency  for  this  short  period  is  good. 

One  method  of  showing  this  is  by  comparing  the  frequency  of  the  observed 
discharges  and  the  frequency  of  the  corrected  calculated  discharges  for 
the  same  period  (see  figure  3).  The  comparison  is  favorable;  so  the  ex- 
tended 69-year  record  of  peak  discharges,  both  maximum  yearly  and  all 
events,  for  Big  Santa  Anita  were  arranged  and  plotted  by  the  method  of 
Hazen  (1930)  to  give  the  frequency  curves  (figure  4)»  The  discharge 
points  may  be  used  in  other  plotting  formulas  if  desired. 

To  determine  the  long-time  frequency  of  peak  discharges  for  other 
watersheds  that  had  some  peak-discharge  records  the  method  could  have 
been  repeated.  However,  if  the  watershed  experienced  in  general  the 
same  storms  as  Big  Santa  Anita  the  method  could  be  greatly  shortened 
by  taking  advantage  of  correlation  between  discharges  of  watersheds  when 
all  discharges  are  on  a comparable'  basis  of  watershed  condition. 

The  cover  density  relation  to  discharge  found  in  equation  (a),  table 

3,  provided  a basis  for  adjusting  discharges  to  a comparable  basis. 

However,  before  making  such  applications  of  the  findings  it  was  thought 
desirable  to  test  the  cover  effects. 

Test  of  Cover  Effects  for  Different  Geology. — Equation  (a),  table  3, 
was  developed  for  areas  where  igneous  and  metamorphic  rocks  dominated; 
whereas  in  some  of  the  watersheds  in  the  Santa  Clara  and  Ventura  water- 
sheds marine  sediments  were  most  abundant.  A test  of  the  cover  effect 
on  a watershed,  where  marine  sediments  dominated  and  wide  variation  in 
cover  occurred,  -was  possible  by  using  peak  inflow  measurements  into  the 
nearby  Gibraltar  reservoir.  For  the  period  1932  to  194'?  peak  inflows 
have  been  determined.  During  this  period  the  average  cover  density  on 
the  watershed  varied  from  as  little  as  27.6  percent  in  1934  to  as  much 
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as  43*7  percent  in  1932  and  44*5  in  194V. 

Twenty-three  measured  peak  discharges  were  used  with  the  1-day  precipita- 
tion (averaged  for  2 gages  in  the  watershed)  and  the  antecedent  21-day 
precipitation  as  meteorological  controls.  Regression  analysis  gave  a 
value  for  the  cover  density  function  of  -0.914  which  agrees  closely  with 
the  -0.832  value  from  equation  (a),  table  3.  Since  the  -0.852  value  was 
obtained  from  much  more  comprehensive  data  it  was  used  in  evaluating  the 
cover  effect  on  discharges  throughout  this  report.  The  cover  function 
was  used  both  for  adjusting  discharges  to  comparable  cover  conditions 
so  they  could  be  used  in  frequency  determinations  and  for  estimation  of 
effects  of  flood-control  measures  which  influence  cover  density  or  could 
be  shown  to  be  relatable  to  cover  density. 

11  Present”  Peak  Discharge  Frequencies. — Using  the  extended  discharge 
record  of  Big  Santa  Anita  as  a base,  the  discharge  frequencies  of  other 
watersheds  for  "present"  watershed  conditions  were  obtained. 

This  "present"  watershed  condition  is  defined  as  the  average  cover  density 
that  would  exist  over  a period  of  time  under  the  current  level  of  fire 
protection  and  current  grazing  and  agricultural  laud  practices.  Thus, 
"present"  cover  density  for  a watershed  may  be  different  from  the  actual 
1950  cover  density  insofar  as  the  fire  occurrence  during  the  preceding 
several  years  has  not  been  "average.” 

Discharge  frequencies  for  this  "present"  watershed  condition  were  ob- 
tained as  follows:  each  of  the  observed  peak  discharges  of  a new  water- 
shed with  its  associated  cover  condition  was  converted  to  its  expected 
value  under  "present"  watershed  cover  conditions  by  use  of  the  cover 
function,  equation  (a),  table  3>  and  by  the  ratios  of  the  cover  density 
actually  on  the  watershed  at  the  time  the  discharge  was  measured  to  the 
cover  density  expected  (on  the  average)  under  "present”  level  of  fire 
protection. 


For  example,  the  measured  peak  discharge  of  the  Santa  Paula  Creek  for 
the  January  1,  1934*  storm  was  10,000  c.f.s.  and  the  cover  density  was 
29.0  percent.  The  expected  cover  density  for  the  watershed  under  "present” 
conditions  is  43.33  percent.  The  discharge  converted  to  “present”  cover 
condition  is  10,000  x (43*33/29. 0)“*^52  = 7^100  c.f.s.  The  7,100  c.f.s. 
was  used  instead  of  the  measured  10,000.  In  the  same  manner  all  discharges 
were  converted  to  the  constant  watershed  cover  condition  before  being 
used. 

After  correcting  the  discharges  of  a watershed  to  a constant  comparable 
condition,  the  relationship  between  peak  discharges  of  that  watershed 
and  the  peak  discharges  of  Big  Santa  Anita  for  the  same  storm  was  ob- 
tained. Figure  5 shows  such  a trend  between  Big  Santa  Anita  and  Santa 
Paula  Creek.  Using  the  trend  line  of  figure  5 and  the  long-term  record 
of  discharges  developed  for  Big  Santa  Anita,  the  peak  discharge  record 
for  Santa  Paula  Creek  was  extended  and  filled  in  to  make  a 69-year  record, 
then  the  frequency  of  peak  discharges  obtained,  figure  6.  In  the  same 
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way  frequencies  were  obtained  for  all  subwatersheds  of  the  Santa  Clara, 
Ventura,  and  Calleguas  basins.  These  are  given  in  table  5,  columns  2 to  5, 
in  such  a way  that  the  frequenty  curves  may  be  reproduced. 

Program  Effects  on  Peak  Discharges. — The  evaluation  of  the  probable 
effects  of  various  measures  proposed  for  flood  damage  reduction  is  the 
end  product  of  the  hydrologic  analyses.  The  frequencies  of  peak  dis- 
charges provide  a hydrologic  base  for  estimating  expected  damages  under 
‘’present"  conditions.  After  the  effects  of  proposed  flood-control  mea- 
sures on  peak  discharges  are  determined,  the  effects  on  flood  damages 
may  be  estimated.  There  are  three  general  categories  of  measures  requir- 
ing evaluation:  fire  control,  range  improvements,  and  cropland  improve- 

ments. 

Effect  of  Fire  Control. — The  intensified  fire-control  measures  have  as 
their  objective  the  maintenance  of  an  optimum  wild-land  cover  density  with 
the  goal  expressed  as  a reduction  in  the  average  annual  acreage  of  area 
burned.  The  physical  effect  of  reduction  in  burn  percent  is  a smaller 
area  of  low  density  young  cover,  and  therefore  greater  average  cover  density 
on  the  watershed.  The  relation  of  cover  density  to  cover  age  for  various 
geological-soil  groups  and  various  species  was  developed  by  J.  S.  Horton, 
and  is  summarized  in  table  6 so  that  the  growth  curves  may  be  reproduced. 

The  average  cover  density  on  a watershed  is  then  the  area  weighted  average 
of  the  .cover  densities  read  from  the  appropriate  growth  curves  for  the 
particular  age  of  the  cover.  The  average  annual  burn  is  converted  to 
its  equivalent  cover  density  by  assuming  that  age  distribution  is  the 
same  as  if  the  annual  burn  occurred  each  year;  thus,  if  the  average  annual 
burn  were  1 percent  there  would  be  1 percent  of  the  area  in  each  age  class 
from  zero  to  99  years  old.  The  average  cover  density  would  be  read  from 
the  appropriate  growth  curves  or  in  practice  an  average  recovery  curve 
was  drawn  for  a watershed  and  that  curve  used  to  obtain  average  cover 
density  for  a particular  burn  percent.  The  effect  of  a change  in  burn 
percent  resulting  from  intensified  fire  control  was  converted  to  change 
in  average  cover  density  on  the  watershed. 

The  effect  of  the  change  in  cover  on  peak  discharges  was  obtained  by 
substitution  in  equation  (a),  table  3.  For  example,  the  present  expected 
annual  burn  in  the  Santa  Paula  Creek  watershed  was  2.00  percent  and 
the  fire-control  measures  were  designed  to  reduce  this  to  0.2  percent. 

The  average  cover  densities  under  the  two  conditions  would  be  43*33  and 
50.30  percent,  respectively.  The  equation  showed  peak  discharges  varied 
as  the  -0.852  power  of  the  cover  densities;  so  (50.30/43. 33 )“*° Ogives 
0.881  as  the  factor  by  which  peak  discharges  would  be  reduced  by  the  pro- 
posed fire-control  measures,  that  is,  an  equivalent  of  11.8  percent  re- 
duction in  ‘‘present”  discharges. 

Effect  of  Range  and  Cropland  Improvements  on  Peak  Discharges . — For 
the  estimation  of  the  effect  of  improved  grazing  and  cropland  management 
on  discharges  it  was  necessary  to  make  indirect  estimation  by  using 
infiltration  indices. 
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The  influence  of  grazing  intensity  on  infiltration  capacity  under  con- 
trolled experimental  conditions  is  indicated  by  the  following  results 


at  the 

San  Joaquin  Experimental  Range: 

Number 

Number 

Infiltration 

of 

Experimental 

of 

capacity,  soil  at 

plots 

treatment 

tests 

field  capacity 

Significance 

(Inches  per  hour) 

3 

Ungrazed  5 years 

9 

8.0 

3 

Ungrazed  3 years, 

moderately  grazed 
2 years 

9 

3.8 

Significant 

3 

Ungrazed  3 years, 

heavily  grazed 
2 years 

9 

3.4 

Highly  significant 

These  infiltration  determinations  are  indicative  of  the  changes  in  the 

hydrologic  characteristics  of  the  soil  under  grazing  conditions.  Similar 
indices  were  developed  for  grazing  conditions  in  the  Santa  Clara  and 
Ventura  area  and  their  hydrologic  effects  evaluated. 

Three  intensities  of  grazing  were  recognized — heavy,  moderate,  and  light. 
Infiltration  measurements  had  been  made  in  the  adjacent  Santa  Maria 
watersheds  on  the  three  types  using  the  type  FA  infiltrometer.  Seventeen 
determinations  were  taken  on  heavily  grazed  areas,  22  on  moderately 
grazed,  12  on  the  lightly  grazed,  and  42  on  various  degrees  and  types 
of  agricultural  lands.  Similar  determinations  were  made  in  chaparral 
cover  types  of  various  ages  and  cover  densities.  For  the  latter  it  will 
be  recalled  that  direct  determination  of  the  effects  of  cover  density 
changes  on  discharges  had  been  made  by  regression  analyses  discussed 
previously.  Conversion  of  the  grazing  intensity  classes  to  their  hydro- 
logic  equivalents  in  terms  of  cover  densities  was  made  by  using  the  in- 
filtration measurements  as  indices.  The  following  steps  were  taken: 

9 

1)  The  infiltration  capacities  as  determined  by  the  infiltrometer  were 
multiplied  by  a factor  of  0.3.  1 / These  are  called  the  adjusted  infiltration 

1/  From  "A  Method  of  Hydrologic  Analysis  in  Watershed  Management, n P.  B. 
Rowe.  Trans,  tuner.  Geophys ♦ Union,  Pt.  II,  1944*  pp.  632-49.  It  was 
found,  after  allowance  for  soil  and  channel  storage  had  been  made,  that  if 
the  infiltration  measurements  were  multiplied  by  a factor  of  0.3>  approxi- 
mate reproduction  of  the  stream  flow  hydrograph  resulted.  It  should  be 
noted  that  the  same  relative  effects  of  grazing  intensities  and  agricultural 
uses  are  obtained  by  using  either  the  unadjusted  or  the  adjusted  infiltra- 
tion indices,  but  the  adjusted  values  give  positive  values  of  rainfall 
excess  for  storms  which  are  known  to  produce  surface  runoff  and  yield  equiv- 
alent cover  densities  which  are  close  to  the  observed  for  the  various  uses, 
so  the  adjusted  indices  will  be  used. 
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indices.  Unadjusted  and  adjusted  infiltration  for  various 

land-use 

categories 

involved  in  measures  : 

for  flood  and  sediment  reduction  are 

given  below: 

FA  infiltration  capaci- 

Adjusted 

Degree  of  use 

ties  70-90  minutes  after 

infiltration 

Cover  true 

or  cover  age 

start  of  application 

index 

(In. /hr. ) 

(iiwWr.') 

Grassland 

Heavy 

0.62 

.19 

Moderate 

1.83 

.57 

Light 

3.12 

.91 

Cultivated 

Clean  tilled 

0.30 

0.09 

Treated 

1.14 

0.34 

Chaparral 

0-3  years  old 

1.21 

.36 

4-7  years  old 

3.16 

.95 

8-13  years  old 

4.35 

1.46 

16+  years  old 

6.52 

1.96 

2)  Maximum 

rainfall  rates  for  several  frequencies  of  storms  were  then 

estimated. 

These  were  developed 

from  Corps  of  Engineers  design  storm 

data  and  are  given  below: 

Maximum  hourly  rainfall  rates 

for 

storms  of  various  recurrence 

intervals 

Cover  type 

100 -year 

50-year 

2 5 -year 

(In. /hr. ) 

(In. /hr. ) 

(In. /hr. ) 

Grassland 

1.37 

1.18 

1.00 

Cultivated 

1.37 

1.18 

1.00 

Chaparral 

1.75 

1.48 

1.25 

3)  Rainfall  excesses  over  infiltration,  for  the  cover  conditions  and 
ages  for  the  various  sizes  of  storms,  were  obtained  by  subtracting  the 
adjusted  infiltration  indices  from  the  rainfall  rates: 
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Rainfall  excess  for  storms  of 


Cover 

recurrence  inte 

rvals 

Cover  type 

density 

(Percent) 

100 -year 
(Inches) 

50-year 

(Inches) 

25-year 

(Inches) 

Grassland 

Heavy  use 

1/6 

1.18 

0.99 

0.81 

Moderate  use 

1/13 

0.80 

0,61 

0.43 

Light  use 

1/42 

0.43 

0.24 

0.06 

Cultivated 

Clean  tilled 

1/4.7 

1.28 

1.09 

0.91 

Treated 

1/9.2 

1.03 

0.84 

0.66 

Chaparral 

0-3  years  old 

4 

1.39 

1.12 

0.89 

4-7  years  old 

14 

0.80 

0.53 

0.30 

8-15  years  old 

54 

0.29 

0.02 

0 

16+  years  old 

65 

0 

0 

0 

1/  Estimated  equivalent  effective  cover  density  based  on  comparative 
rainfall  excesses  with  chaparral  cover. 


If  we  assume  that  rainfall  excess  is  an  index  of  relative  runoff -producing 
potential,  we  can  obtain  an  estimate  in  terms  of  cover  density  of  the 
effectiveness  of  light,  moderate,  and  heavy  grazing  and  of  treatment  of 
agricultural  land  on  runoff.  For  example,  the  rainfall  excess  under  moderate 
grazing  for  the  100~,  50-,  and  25-year  storms,  were  0.80,  0.61,  and 
0.43  inch,  respectively;  reference  to  the  standard,  the  chaparral,  shows 
that  these  excesses  are  obtained  under  about  a 13  percent  cover  density. 
Hence,  moderate  grazing  use  was  assigned  13  percent  as  equivalent  cover 
density  effectiveness. 

The  equivalent  cover  densities  for  light,  moderate,  and  heavy  grazing 
and  for  2 agricultural  land  classes  were  obtained  by  similar  comparisons 
of  rainfall  excesses  and  are  listed  in  column  1 of  the  above  table. 

Expressing  this  effectiveness  in  terms  of  equivalent  chaparral  cover 
density  will  permit  estimation  of  effects  on  peal:  discharges  of  changing 
a given  area  from  one  degree  of  use  to  another.  The  estimate  of  the 
effect  on  discharges  is  obtained  by  substituting  the  equivalent  cover 
change  in  equation  (a),  table  3. 

The  resulting  changes  in  peal:  discharges  for  the  program  outlined  in 
Appendix  4 are  shown  in  >i  nmirr  g i.rr-^n-  table  5.  The  factors  given  were 
obtained  by  substituting  equivalent  cover  densities  in  the  equation  as 
illustrated  on  page  8 of  this  appendix.  The  flood  flows  expected  under 
'’present11  watershed  conditions  when  multiplied  by  these  factors  give  flood 
frequencies  expected  in  the  future  without  and  with  the  program. 
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RELATION  OF  SEDIMENT  PRODUCTION  TO  SEDIMENT-PRODUCING  EVENTS, 
GEOLOGY,  AND  WATERSHED  CONDITIONS 


An  important  source  of  the  damages  produced  in  watersheds  is  the  sediment' 
produced  by  the  floods.  Deposition  in  reservoirs  restricts  their  use- 
fulness;  deposition  in  stream  channels  restricts  their  capacity  to  carry 
flood  flows.  Determination  of  the  expected  sediment  production  rates 
from  subwatersheds  of  the  Santa  Clara,  Ventura,  and  Calleguas  Creek 
basins  are  needed  for  flood-control  evaluation.  The  average  annual  sedi- 
mentation may  be  said  to  depend  on  1)  the  frequency  of  events  causing 
sediment  movement — peak  discharges  may  be  used  as  the  defined  event — 
and  2)  on  the  relation  of  the  amount  of  sediment  produced  to  the  size  of 
these  events  for  various  watershed  characteristics  and  conditions.  Fre- 
quencies of  discharges  expected  from  the  watersheds  have  been  developed 
previously,  table  5. 

Twenty-three  yearly  catches  of  sediment  in  reservoirs  were  used  to 
establish  the  basic  relationship  of  sedimentation  to  discharges  and  water- 
shed conditions.  Multiple  regression  analysis  was  made  of  these  23  yearly 
catches  of  sediment  with  the  associated  maximum  yearly  discharge  used 
as  an  expression  of  the  sediment-producing  potential  of  the  year,  the 
area  of  the  main  channel  of  the  watershed  as  an  expression  of  the  amount 
of  readily  available  material,  and  the  cover  density  as  the  expression 
of  watershed  conditions. 

The  result  of  the  analysis  was  equation  (b),  table  3.  The  peak  dis- 
charge variable  was  significant  at  the  1 percent  level.  The  other  two 
variables,  area  of  channel  and  cover  density,  have  been  included  because 
each  is  significant  at  the  5 percent  level  when  tested  separately  in  an 
equation  with  peak  discharges,  so  rather  than  using  one  or  the  other, 
both  were  included  to  give  the  most  reliable  measure  of  their  individual 
effects  and  the  best  estimation  of  sedimentation. 

Since  this  equation  was  developed  from  data  where  watershed  geology 
is  dominantly  igneous  and  metamorphic  rocks,  tests  of  both  the  discharge 
and  cover  functions  and  adjustments  of  the  constant  in  the  equation 
for  geologic  variations  were  made. 

Test  of  Relation  of  Sediment  Production  to  Discharges. — The  test  of 
the  discharge  function  of  equation  (b),  table  3,  for  possible  differences 
associated  with  geology  which  is  dominantly  marine  sediments  was  made 
from  data  of  the  nearby  Gibraltar  reservoir  watershed.  Eight  periodic 
measurements  of  sediment  production  in  the  Gibraltar  reservoir  provided 
the  basis  for  the  test,  table  7.  Regression  analysis  of, the  sediment 
catches  against  the  discharge  function  being  tested  from  equation 

(b),  table  3,  and  the  average  cover  density  during  each  period,  table  7, 
gave  equation  (c),  table  3.  The  factor  0.945  for  the  discharge  function 
is  considered  to  be  close  enough  to  1.00  to  indicate  that  no  modification 
of  that  function  need  be  made  for  the  Gibraltar  watershed. 

Thus  it  was  shown  that  the  function  relating  sediment  production  to 


-12- 


• • . 

■ 

■ 


. 

■ 

' 

' 


■ 


■ 

■ 

. 


I 


• ‘ 

• 

■'$ \ ■ 

' 

. 

' 

. 

■ 

- 

. 

; 

. 

. 

* ’ 

; 

■ 

■ 


peak  discharges  found  in  other  southern  California  watersheds  also  held 
in  the  Gibraltar  watershed.  Therefore,  it  was  considered  unnecessary  to 
make  any  adjustments  in  the  discharge  function  before  use  in  Santa  Clara 
and  Ventura  basins. 

Test  of  Relation  of  Sediment  Production  to  Watershed  Cover . — As  with 
the  discharge  function,  the  relationship  of  sediment  production  to  cover 
density  found  in  some  other  southern  California  watersheds  (equation 
(b),  table  3)  was  checked.  The  catches  in  4 reservoirs,  the  Gibraltar, 
the  Juncal,  the  Mono,  and  the  Caliente,  all  in  the  adjacent  Santa  Inez 
drainage,  were  used.  Although  peak  discharges  were  available  only  for 
the  Gibraltar,  by  using  the  precipitation  effectiveness  (1.619  log  P’q 
+ 0.410  log  aPf2i)  from  equation  (d),  table  3,  it  was  possible  to  use 
all  13  of  the  sediment  catches,  table  7.  Regression  analysis  of  these 
average  annual  sediment  catches  against  the  average  precipitation  effective- 
ness and  the  average  cover  density  during  the  periods  gave  equation  (e), 
table  3,  as  the  result.  The  factor  for  precipitation  effectiveness  is 
seen  to  be  0.941  which  is  close  to  1.00,  and  the  factor  for  cover  density 
was  -1.980,  which  is  practically  identical  with  the  -1.974  obtained  in 
the  more  extensive  southern  California  studies  and  given  by  equation 
(a),  table  3. 

Thus  it  was  shown  that  not  only  the  function  relating  sediment  production 
to  discharges  but  also  the  function  relating  sediment  production  to  cover 
which  was  found  in  other  southern  California  watersheds  held  also  for 
watersheds  where  marine  sediments  dominated, 

.Although  the  general  functions  relating  sediment  production  to  flood 
peaks  and  cover  density,  obtained  from  more  numerous  data  in  southern 
California,  were  found  to  be  usable  in  Santa  Clara  and  Ventura  water- 
sheds, marked  differences  in  the  constant  in  the  equation,  that  is,  in 
the  sediment  production  per  unit  discharge  from  watershed  to  watershed, 
were  found.  These  differences  were  found  to  be  related  to  the  geologic- 
soil  characteristics  of  the  watersheds. 

Relation  of  Sediment  Production  to  Soil-Geologic  Types. — The  actual  measured 
sedimentation  in  the  Gibraltar  watershed  was  used  as  a base  for  1)  ad- 
justing tho  constant  in  equation  (b),  table  3>  for  soil-geologic  differ- 
ences and  2)  as  the  reference  from  which  estimates  of  expected  sediment 
production  from  Santa  Clara  and  Ventura  watersheds  could  be  made  by  applica- 
tion of  discharges  and  cover  and  adjustment  for  differences  in  soil 
eredibility. 

First  an  equation  for  sedimentation  in  Gibraltar  was  obtained  by  adjusting 
equation  (b),  table  3,  on  the  basis  of  the  ratio  of  the  computed  sedi- 
mentation for  the  27-year  period  to  the  actual  sedimentation.  This 
gave  an  adjustment  factor  of  O.445  which  incorporated  in  equation  (b), 
gives  equation  (f),  table  3. 

Sedimentation  expected  from  subwatersheds  of  the  Santa  Clara  and  Ventura 
watersheds  varied  from  those  of  the  Gibraltar  due  to  variation  in  the 
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frequency  of  peak  discharges,  in  the  cover  density,  in  the  ratio  of 
annual,  to  peak  discharge,  and  in  the  inherent  differences  in  the  erodi- 
bility  of  the  soils  of  the  areas.  Equation  (f),  table  3,  gives  the 
relation  of  sedimentation  to  each  of  the  factors,  except  the  last  two : 

1)  the  ratio  of  annual  to  peak  flow  and  2)  the  erodibility.  To  obtain 
indices  of  ” erodibility”  it  was  found  desirable  to  take  soil  samples  from 
the  major  soil-geologic  types,  determine  some  of  their  physical  character- 
istics in  the  laboratory,  and  test  how  these  physical  characteristics 
were  related  to  measured  sediment  production  from  watersheds. 

Several  soil  scientists  have  proposed  physical  characteristics  of  soils 
which  are  related  to  soil  erodibility.  The  work  of  Middleton  was  a 
notable  early  attempt.  Ke  determined  the  physical  characteristics  of 
some  soils  and  found  that  those  soils  with  high  values  of  these  character- 
istics (dispersion  ratios  greater  than  15,  erosion  ratios  greater  than 
10)  were  generally  classed  as  erodible;  whereas  those  with  low  values 
were  generally  the  nonerodible.  These  results  suggested  that  indices  of 
soil  erodibility  might  be  obtained  from  relatively  simple  soil  measure- 
ments. Therefore,  soil  samples  were  collected  from  the  major  soil-geologic 
types  in  the  Santa  Maria  and  Santa  Ynez  drainages  which  are  adjacent  to 
the  Santa  Clara  and  Ventura  and  have  many  of  the  same  geologic  types. 

Soil.  Sampling. — Soil  samples  of  the  0-  to  6-inch  depth  of  soil  were  taken 
so  as  to  have  one  or  more  samples  from  each  major  soil-geologic  type 
in  the  'watershed.  The  samples  were  all  collected  on  slopes  of  about 
35  percent  and  under  cover  conditions  which  were  judged  to  be  average 
for  the  vegetation  type.  Each  sample  was  subjected  to  laboratory  physical 
analyses,  including  mechanical  analysis  from  rock  and  gravel  to  clay 
down  to  0.15  microns,  colloids  by  absorption,  suspended  silt  plus  clay 
after  shaking  for  0,  2,  20,  180,  and  1,440  minutes,  and  the  moisture 
equivalent.  From  the  results  of  these  determinations,  several  erosion 
ratios  were  calculated  and  tested. 

Relation  of  Physical  Soil  Characteristics  to  Sediment  Production. — Before 
the  soil  physical  characteristics  could  be  used  to  estimate  sediment 
production  from  watersheds,  tests  were  made  to  determine  their  relation 
to  sediment  production  and  how  they  were  quantitatively  related. 

Some  measured  sediment  productions  from  watersheds  were  available  for 
the  watersheds  in  which  the  soil  samples  were  taken.  These  were  of  two 
kinds:  stream  suspended  load  measurements  and  sediment  deposition  in 
reservoirs.  The  average  sediment  content  of  the  streamflow  for  14  water- 
sheds varying  in  area  from  10.6  to  1,763  square  miles  had  been  determined, 
table  8.  In  addition,  the  sediment  deposition  in  4 reservoirs  with 
watershed  areas  of  from  16  to  219  square  miles  had  been  measured.  The 
last  included  13  measurements  of  sediment  deposition  and  are  given  in 
table  7.  Thus,  14  watersheds  with  their  sediment  production  measured 
in  terms  of  suspended  sediment  and  four  watersheds  with  their  sediment 
production  measured  in  terms  of  sediment  deposited  in  their  reservoirs 
furnished  the  bases  for  testing  the  relation  of  soil  physical  character- 
istics to  sediment  production. 
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Many  physical  soil  characteristics  v.rere  tried  as  parameters.  Combina- 
tions of  suspended  silt  plus  clay,  ultimate  silt  plus  clay,  micro  clay, 
colloids,  gravel,  and  moisture  equivalent  were  studied.  The  ratios  which 
were  proposed  by  Middleton  to  express  erodibility  proved  to  be  about 
as  good  as  any  new  ones  tested.  The  basic  physical  determinations  and 
the  most  promising  erosion  ratios  for  the  various  major  soil-geologic 
types  are  given  in  table  9.  The  areas  of  the  various  geologic  types 
in  the  watersheds  used  in  the  analyses  (and  in  the  final  application 
of  the  results)  are  given  in  table  10  together  with  the  erosion  ratios 
for  the  watersheds. 

For  the  areas  above  sediment  measurement  points,  the  average  values 
of  the  erosion  ratios"  were  determined  by  weighting  the  mean  ratio 
for  the  soil-geologic  type  by  the  areal  extents  of  the  geologic  types 
in  the  watershed. 

Susnonde d Sediment . — The  relation  of  the  amount  of  suspended  sediment 
to  the  various  erosion  ratios  of  the  soils  in  the  watershed  was  determined 
by  regression  analyses  of  the  data  of  table  8.  Table  3 gives  equations 

(h)  and  (j)  which  are  the  least-square  fits  of  the  data,  and  also  shows 
the  correlation  coefficient  for  these  two  analyses.  In  both,  the  cover 
density,  C,  and  the  suspension  to  colloid  ratio,  S/C,  were  highly  sig- 
nificant. The  relation  of  calculated  to  actual  sediment  is  shown  in 
figure  7 for  the  erodibility  ratio,  suspended  silt  plus  clay/colloids, 
S/C.  Any  of  the  three  erosion  ratios  listed  would  give  a good  enough 
index  of  relative  erodibility,  but  the  S/C  ratio  was  selected  because 
it  seemed  theoretically  most  sound  and  had  the  least  standard  error. 

Sediment  Deposition. — The  relation  of  the  amount  of  sediment  deposition 
in  reservoirs  to  the  erosion  ratios  was  determined  by  regression  analysis 
of  the  13  catches  and  the  erosion  ratios  given  in  table  7.  Equation 

(i) ,  table  3}  gives  the  equation  relating  sediment  deposition  to  the 
ratio  suspended  silt  plus  clay/colloids  when  the  meteorological  and  cover 
effects  had  been  taken  into  account. 


It  will  be  noticed  that  the  function  for  the  S/C  erodibility  variable 
was  nearly  identical  in  the  suspended  sediment  and  the  sediment  deposi- 
tion equations:  0.01/6  and  0.0183.  This,  in  a way,  constitutes  a check 
of  the  results.  The  S/C  function  for  deposition  equation  (i),  table 
3,  has  been  used  to  calculate  the  erodibility  of  the  soils  of  the  various 
watersheds.  The  relative  erodibilities  of  all  subwatersheds  of  the 
Santa  Clara — Ventura  and  Calleguas  Creek  drainages  are  given  in  column 
3 of  table  11  (with  Gibraltar  taken  as  100  percent.) 


Effect  on  Sedimentation  of  Ratio  of  Annual  to  Peak  Flow. — The  peak  yearly 
flow  as  an  index  of  the  sediment-producing  potential  of  the  year’s  dis- 
charges was  a highly  useful  simplification.  This  simplification  worked 
well  as  shown  by  the  tests  employed;  however,  some  improvement  was  possible 
by  including  the  annual  flow  as  an  additional  parameter  of  sediment- 
producing  potential  of  a year’s  discharges. 
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For  9 yearly  catches  of  sediment  and  associated  measurements  of  discharge 
into  the  San  Dimas  and  San  Gabriel  Mo.  1 reservoirs,  the  ratio  of  the 
actual  sedimentation  to  the  sedimentation  calculated  from  equation  (b). 


table  3>  v/as  plotted  against  the  ratio  of  the  total  annual  inflow,  in 
acre-feet,  to  the  discharge  function  q«S66  (equation  (b)),  !Ihe  trend 
line  indicated  some  increase  in  sedimentation  with  relatively  large  annual 
inflows  compared  to  peak  inflow.  The  relation  was  such  that  the  ratio 
of  actual  to  calculated  sedimentation  varied  as  the  0.327  power  of  the 
ratio  of  annual  inflow  to  the  peak  inflow  function.  Using  this  relation- 
ship, “Relative  Discharge  Factors,”  RD,  ranging  from  74  for  Santa  Clara 
River  at  Saugus  to  112  for  Matilija  Creek  were  obtained  for  these  water- 
sheds when  Gibraltar  was  taken  as  100.  These  relative  discharge  factors 
for  sedimentation  are  given  in  column  4 of  table  11  for  all  sub water sheds. 


Incorporating  both  the  relative  discharge  factor  and  the  relative  credi- 
bility factor  into  equation  (f),  table  3,  gave  equation  (g),  which  applies 
to  each  of  the  Santa  Clara  and  Ventura  sub drainages. 


Average  Annual  Sedimentation. — The  peak  discharge  frequencies  developed 
give  expected  number  and  sizes  of  future  floods  (table  5)  and  equation 
(g),  table  3,  gives  the  amount  of  annual  sedimentation  for  any  size 
flood — for  some  particular  watershed  cover  condition.  Average  annual 
sedimentation  is  merely  the  sum  of  the  annual  erosions  obtained  by  sub- 
stituting the  discharges  from  the  frequency  curve  in  the  equation  with 
proper  values  of  cover  density  and  the  other  variables.  Sedimentation 
estimates  for  "present”  watershed  conditions  for  subdrainages  of  the 
Santa  Clara,  Ventura,  and  Calleguas  Creek  are  given  in  column  5,  table 
11. 


These  values  were  checked  for  two  watersheds  by  comparing  the  sedimenta- 
tion calculated  in  this  way  with  that  of  average  suspended  sediment  times 
the  average  annual  total  streamflow.  The  data  pertinent  to  the  test 
are  given  below: 
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Ratio  calcu- 

Average  Calculated  lated  total 

Mean  Cover  suspended  Suspended  total  sedi-  sediment  to 


Water-  annual  density  sediment  sediment  ment  pro-  suspended 

shed  Area  flow  1/ 2J  2/  duct  ion  jj  sediment 


(Sq.mi. 

) (AF/yr. ) 

(Percent) (Tons/AF) (C.y./sq. 

mi./yr. ) 

(C.y./sq. 
mi./yr. ) 

Sespe 

254 

91,000 

51.3  3.98  1,320 

1,750 

1.33 

Piru 

432 

51, 100 

41.8  34.3  3,760 

4,060 

1.03 

1/  Average  cover  density  on  watershed  during  time  of  sediment  measurement. 

2/  From  data  of  Santa  Clara  Water  Conservation  District  Reports,  1932-35. 

3/  Average  annual  flow  times  average  suspended  sediment  allowing  80  pounds 
per  cubic  foot  for  weight  of  sediment. 

Lj  By  equation  (g),  table  3,  and  the  constants  in  table  11. 

The  test  shows  that  the  total  sedimentation  is  somewhat  greater  than  the 
suspended  sediment  as  would  be  expected.  The  ratios  1.33  and  1.08  of 
calculated  total  sediment  production  to  the  measured  suspended  load  for 
Sespe  and  Piru  watersheds  constitute  a crude  check  on  the  calculated  sedi- 
mentation rates. 

Effect  of  Program  on  Expected  Sedimentation. — The  effects  of  program 
on  expected  sedimentation  depend  on  the  effects  of  the  several  measures 
on  discharges  and  then  their  additional  effect  on  the  amount  of  sediment 
per  unit  discharge.  In  the  section  "Program  Effects  on  Discharge"  the 
effects  of  flood-control  measures  have  been  shown  to  be  expressible  in 
terms  of  their  effects  on  average  cover  density  in  the  case  of  fire  control 
and  in  terms  of  equivalent  cover  density  in  the  case  of  the  range  and 
cropland  improvements.  The  gross  effect  of  changing  cover  density  on 
sedimentation  is  given  by  the  cover  function  in  equation  (d),  table  3. 

The  change  in  sedimentation  with  change  in  cover  density  is  seen  to  vary 
as  the  -1.974  power  of  the  cover  densities.  This  change  is  verified  rather 
well  by  independent  studies  of  the  cover  effects  obtained  from  other 
data  (equations  (e),  (i),  and  (j),  table  3).  Using  the  changes  in  cover 
associated  with  the  fire,  range,  and  agricultural  land  measures  the  esti- 
mated sediment  production  is  obtained.  For  example,  the  Matilija  water- 
shed has  an  expected  average  annual  sedimentation  production  rate  of 
2,515  cubic  yards  per  square  mile  under  "present"  fire  protection  level 
with  an  associated  average  cover  density  of  50.7  percent.  Under  inten- 
sified fire  protection  the  average  cover  age  v/ould  increase  and  the  cover 
density  would  be  58.8  percent.  Reduction  of  sedimentation  by  fire  control 
is  then  2,515/  l-( 58. 8/50. 7)“^* 9' 4/  or  an  average  of  639  cubic  yards 
per  square  mile  per  year  for  the  whole  55  square^milewatershed  which  is 
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a 2.5  percent  reduction.  The  future  watershed  conditions  with  and  with- 
out the  program  outlined  in  Appendix  4 were  converted  to  their  equivalent 
change  in  cover  density  (table  12,  Appendix  4)  by  using  the  tabulation 
on  page  11,  this  appendix.  In  the  same  manner  as  illustrated  for  the 
fire  protection  plan  the  changes  that  the  range  and  cropland  measures 
will  make  in  "present"  sediment  rates  were  calculated,  and  the  total 
effect  of  the  recommended  program  is  given  in  table  11. 

An  illustration  of  how  fire  increases  sediment  production  is  presented 
in  the  annual  reports  of  the  Santa  Clara  Water  Conservation  District, 
1931-32  to  1934-35*  The  data  include  some  for  the  Sespe  watershed.  The 
District  took  stream  sediment  samples  the  year  before  and  for  several 
years  following  the  1932  fire  which  burned  76  percent  of  the  Sespe  water- 
shed. The  difference  in  sediment  production  is  strikingly  shown  when 
sediment  concentration  in  the  water  is  plotted  against  streamflow,  figure 
8.  The  runoff  water  for  the  first  2 years  after  the  fire  had  an  average 
of  6 times  as  much  sediment  as  the  year  before  the  fire.  The  stream- 
flow  from  the  first  storm  after  the  fire  had  very  high  concentrations  of 
ash  and  debris — 2,400  ppm  of  soluble  matter  and  400,000  ppm  of  suspended 
sediment . 

Channel  Sedimentation. — What  happens  to  the  sediment  produced  from  these 
watersheds?  Some  of  it  goes  into  the  sea.  Some  of  it  is  deposited, 
before  it  reaches  the  ocean,  in  reservoirs  where  they  have  been  built 
or  in  the  main  stream  channel. 

In  an  effort  to  obtain  an  indication  of  the  rate  of  sedimentation  of  the 
Santa  Olara  River  channel  a study  was  made  of  detailed  topographic  maps 
prepared  in  1928  and  1948.  The  effect  of  sedimentation  on  overflow  area 
for  various  size  floods  was  the  primary  aim  of  the  investigation.  The 
reach  of  channel  covered  by  the  study  extended  from  Saticoy  Bridge  to 
the  Los  Angeles  County  line,  a distance  of  about  28  miles.  Cross  sec- 
tions between  Santa  Paula  and  West  Piru  obtained  immediately  after  the 
193S  flood  by  the  Soil  Conservation  Service,  were  compared  with  data 
from  the  1928  and  1948  surveys. 

The  study  indicates  that  sediment  movement  within  the  overflow  area  of 
large  floods  is  extremely  erratic.  Sedimentation  and  scour  occur  through 
out  this  reach  of  channel.  The  average  rate  of  sedimentation  from  1928 
to  1948  is  about  2 acre  feet  per  mile  of  channel  per  year.  For  the  5*5 
miles  of  channel  for  which  overflow  areas  were  calculated  the  acreage  of 
inundation  for  50,000  and  100,000  cfs  flows  would  have  been  slightly  less 
in  the  1948  channel  than  the  same  flows  in  the  1923  channel.  The  rate 
of  sedimentation,  during  the  20  year  period,  for  this  same  reach  of 
channel  was  about  2.5  times  the  average  rate  for  the  entire  reach  studied 

The  total  net  amount  of  sediment  deposited  for  the  1928  to  1948  period 
amounts  to  about  1,784 >000  cubic  yards  in  the  28  mile  reach  of  channel 
studied.  The  tributary  drainage  area  above  the  lower  end  of  this  reach 
is  about  1,500  square  miles  and  the  drainage  area  above  the  upper  end 
of  the  reach  is  about  940  square  miles.  The  1938  cross  sections  indicate 
that  sedimentation  occurred  from  1923  to  1938  and  scour  occurred  from 
1938  to  1948.  It  is  evident  from  this  study  that  channel  cross  sections 
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taken  more  or  less  at  random  several  thousand  feet  apart  will  not  give 
an  accurate  quantitative  picture  of  the  changes  resulting  from  floods  in 
this  channel.  In  the  5*5  mile  reach  of  channel  for  which  overflow  areas 
were  estimated,  less  acreage  would  be  inundated  by  both  50,000  and 
100,000  second  feet  floods  under  1943  channel  conditions  than  under  1928 
channel  conditions.  Although  a small  amount  of  sedimentation  has  occurred 
in  this  reach  the  channel  capacity  has  boen  increased  as  a result  of  scour, 
thus  deepening  and  steepening  the  channel,  generally  near  the  south  bank. 
As  an  illustration  of  this,  the  data  for  the  cross  sections  at  Stations 
40+00  and  240+00  are  given  below. 


Discharge  data  for  Selected  cross  sections 


Station 

9 

: Below 
: Eleva- 
tion 

: 1928  channel  conditions 

: 1948  channel  conditions 

:Area  of: 
cross  : Channel 
: section: slope 

:Hydrau- 
:lic 
: radius 

• 

• 

: Capacity 

: Area  of : : Hydrau- : Ca- 

: cross  : Channel: lie  :pa- 

: section: slope  : radius  :city 

Feet 

Sq.ft. 

Feet/foot  Feet 

cfs 

Sq.ft. 

Feet/foot  Feet 

cfs 

40+00 

150 

25,740 

.00175 

6.43 

139,000 

24,940 

.00264  6.31 

166,000 

148 

17,880 

.00175 

4.55 

76,400 

17,300 

.00264  4.42 

90,000 

146 

10,360 

.00175 

3.74 

39,000 

10,200 

.00264  4.42 

53,000 

240+00 

214 

17,840 

•00206 

6.56 

105,600 

17,480 

.00276  6.25 

115,500 

212 

12,740 

.00206 

5.27 

66,600 

12,220 

.00276  4.90 

68,600 

It  will  be  noted  that  the  decrease  in  slope  between  1928  and  1948  is 
sufficient  to  create  a greater  flow  capacity  although  the  area  of  the 
flow  section  is  greater  in  1928  than  in  1948  except  in  the  section  below 
elevation  146  at  Station  40+00 f In  this  section  greater  average  depth 
of  flow  combined  with  the  increased  slope  give  a capacity  about  1/3 
greater  in  1948  than  it  was  in  1928  although  the  area  of  flow  is  160 
square  feet  less. 

This  method  of  computing  overflow  areas  is  applicable  only  when  cross 
sections  of  the  channel  remain  relatively  constant  during  floods.  No 
evidence  exists  that  this  is  true  in  this  channel.  It  is  generally 
assumed  that  the  bed  load  of  a stream  is  greatest  during  the  rising 
stages  of  afLood  flow  and  smallest  during  low- water  flow.  Its  amount  is 
assumed  to  vary  approximately  as  the  5/2  power  of  the  stream  velocity. 
Consequently,  a flood  flow  coming  from  a section  of  high  velocity  into 
a section  of  low  velocity  will  deposit  bed  load  corresponding  to  the 
change  in  velocity.  This  deposition  will  fill  the  channel,  thus  de- 
creasing its  capacity  during  the  rising  stages  of  the  flood.  On  the 
other  hand,  a flood  flow  coming  from  a section  of  low  velocity  into  a 
section  of  high  velocity  will  take  on  bed  load  and  scour  the  channel, 
thereby  increasing  the  capacity.  The  average  conditions  or  capacity  of 
a channel  may  mean  very  little  in  terms  of  its  flood  damaging  potential. 
Flood  damage  can  only  occur  where  there  is  damageable  property.  When  a 
condition  exists  or  is  developed  during  a flood  that  will  cause  overflow 
at  the  opportune  spot  in  a channel  at  the  correct  instant  great  damage 
will  result.  This  same  condition  developing  at  some  other  location  in 
the  channel  will  result  in  little  or  no  damage. 
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In  order  to  predict  the  amount  of  sediment  and  its  effect  on  overflow 
areas,  and  thus  damages,  in  the  Santa  Clara  Valley,  a great  amount  of 
information  is  needed  on  the  changes  of  the  channel  during  and  between 
floods.  A large  number  of  properly  established  cross  sections  upon 
which  accurate  repeat  measurements  could  be  made  over  a long  period  of 
time  is  a necessary  base  from  which  to  start.  Accurate  mapping  of 
overflow  areas  of  all  floods  as  they  occur  and  the  damages  resulting 
would  also  be  necessary.  Records  of  hydrologic  occurances  and  vegeta- 
tive changes  of  the  watershed  during  the  same  period  would  be  required, 
before  a reliable  estimate  of  probable  future  damage  resulting  from 
sedimentation  can  be  made.  Present  knowledge  is  such  that  it  is  impossi- 
ble to  make  a dependable  evaluation  of  future  effect  of  sedimentation  in 
the  Santa  Clara  River  channel. 

Design  Sedimentation.— For  purposes  of  designing  reservoirs  and  evaluating 
their  effectiveness  and  economic  feasibility  it  is  necessary  to  know  the 
storage  capacity  which  must  be  allowed  for  sediment  over  a period  of  time. 
The  average  annual  sediment  production  has  been  determined  for  the  Santa 
Clara,  Ventura,  and  Calleguas  streams  by  use  of  the  equations  developed 
and  expected  flood  frequencies  under  certain  assigned  values  of  watershed 
cover  densities. 

In  designing  spreading  grounds,  channels,  and debris  reservoirs  it  is 
necessary  to  know  the  storage  capacity  which  must  be  allowed  for  sedi- 
ment for  a single  large  storm,  assuming  some  coincident  poor  watershed 
condition.  An  approximation  of  this  allowable  storage  capacity  may  be 
obtained  from  the  results  of  this  study. 

The  storm  which  gives  the  flood  of  100-year  recurrence  interval  may  be 
arbitrarily  chosen.  The  area  of  brush  cover  may  serve  as  an  expression 
of  fire  hazard  and  a possible  poor  watershed  condition  might  well  be 
such  as  would  result  if  an  area  equal  to  one-quarter  of  the  brush  area 
burned,  and  the  storm  occurred  the  first  year  after  such  a burn.  By 
using  the  200- year  intercept  of  the  discharge  frequency  curve  (that  for 
Santa  Paula  Creek  shown  in  figure  6)  or  by  extending  values  from  the 
discharges  given  in  table  5 as  the  mean  size  of  this  flood  and  using 
equations  (a)  and  (g)  of  table  3 and.  the  expected  cover  density  and 
erodibility,  we  obtain  the  estimates  of  sedimentation  listed  in  table  11, 
which  have  been  termed  "design  sedimentation.” 


CONCLUSION 


The  studies  made  to  develop  a hydrologic  base  for  evaluation  of  the  flood- 
control  program  indicated  the  f olloxtfing: 

1)  The  observed  discharges  in  this  area,  where  discharge  records  are 
short  and  major  fires  cause  wide  variation  in  forest  cover,  are  not  a 
satisfactory  base  for  determining  frequency.  Adjustment  of  the  observed 
discharges  to  a uniform  forest  cover  condition  and  extension  of  the 
record  on  the  basis  of  the  long-term  precipitation  record  provide  such 
a base. 


2)  Sedimentation  in  an  individual  reservoir  likewise  is  not  often  a 
good  index  of  the  long-time  average  to  be  expected.  If  the  record  of 
sedimentation  is  short,  the  floods  during  this  period  may  not  be  repre- 
sentative. Even  if  the  record  of  sedimentation  is  fairly  long,  the 
fire  history  may  not  be  representative  or  the  coincidence  of  fires  and 
storms  may  be  exceptional.  Thus  the  actual  sedimentation  of  a reservoir 
in  the  219- square-mile  Gibraltar  watershed  during  a 27-year  period  is 
1.3  acre-feet  per  square  mile  per  year,  whereas  the  expected  amount 
under  the  present  fire  protection  level,  based  on  frequency  of  expected 
discharges,  is  only  0.9  acre-feet  per  square  mile  per  year. 

Sediment  productions  were  highly  variable  from  watershed  to  watershed 
depending  on  the  geology  of  the  area.  Average  suspended  sediment  of 
the  runoff  water  was  2,370  ppm  and  25,200  ppm  for  the  2 watersheds  for 
which  data  were  available.  Both  suspended  sediment  and  sediment  deposi- 
tion were  related  to  some  physical  characteristics  of  the  various  soil- 
geologic  types.  These  relations  provided  a basis  for  improving  the 
estimates  of  expected  average  annual  sediment  production. 

Basing  estimates  of  average  sedimentation  on  the  long-time  extended 
discharge  record  and  adjusting  for  erodibility  and  expected  average 
cover  conditions  by  use  of  the  equations  which  were  developed  provided 
estimates  which  made  allowance  for  widely  varying  erodibility  and  were 
independent  of  chance  conditions  of  fire  history. 

3)  Past  discharges  and  sediment  production  in  this  basin  have  been  moder- 
ately high.  The  studies  indicated  that  improved  fire  protection,  grazing 
practices,  and  cropland  treatment  can  bring  about  sizable  reductions  in 
peak  discharges  and  sediment  production.  For  whole  watersheds,  reduc- 
tions in  future  peak  discharges  ranged  from  17  to  23  percent  and  reduc- 
tions in  sediment  production  from  37  to  68  percent. 

It  should  be  pointed  out  that  the  cover  effects  here  measured,  both  for 
sedimentation  and  peak  discharges,  apply  only  to  the  present  general 
level  of  watershed  conditions.  If  during  some  future  interval  of  time, 
the  watershed  receives  improved  treatment  and  protection  for  a long 
period,  then  soil  building  may  occur  and  the  maximum  cover  density  may 
have  an  effect  even  greater  than  found  here.  If,  on  the  other  hand, 
further  misuse  continues,  the  vegetation  which  occupies  the  area  may 
be  expected  to  become  less  and  less  dense.  Under  such  conditions  of 
decreased  cover  effectiveness,  cover  changes  will  be  necessarily  smaller, 
and  a sustained  higher  level  of  peak  discharges  and  sedimentation  may 
be  expected  to  result. 
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4)  Sediment  production  from  the  tributaries  of  the  Santa  Clara  water- 
shed was  found  to  be  aggrading  the  main  channel  and  restricting  its 
capacity  to  carry  future  floods.  Remeasurements  in  1938  of  original 
cross  sections  made  in  1929  indicated  deposition  of  1,480  acre-feet 
per  year  between  Saugus  and  Saticoy,  or  42.9  percent  of  the  total 
estimated  sediment  production.  An  independent  check,  using  sediment 
sampling  from  the  tributaries  and  at  the  mouth  of  the  river  gave  a 
comparable  figure  of  48.3  percent  deposition.  The  proposed  program 
will  not  only  reduce  damages  by  reduction  in  flood  peaks,  but  will 
reduce  sediment  production  which  will  tend  to  maintain  channel 
capacity  in  the  main  rivers. 

5)  As  to  the  adequacy  of  the  methods  employed,  the  study  complies  fairly 
well  with  the  six  criteria  upon  which  a study  in  applied  hydrology  may 
be  evaluated:  in  determining  the  basic  relations  (1)  the  data  are 
representative  in  time;  this  was  considered  to  be  fairly  well  met  be- 
cause the  data  used  covered  30  years  of  discharges  and  69  years  of 
meteorological  records;  (2)  the  data  used  are  representative  in  space, 
relations  used  were  based  on  rather  extensive  studies  in  nearby  areas 

of  southern  California  and  tested  for  their  applicability  to  this  area; 

(3)  the  effects  measured  are  representative  of  actual  effects,  in  this 
case  they  were  the  actual  effects  of  meteorological  and  -watershed 
variables  on  discharges  and  sediment  production  from  whole  watersheds 
in  the  case  of  fire  effects  and  the  use  of  infiltration  indices  in  the 
cases  of  the  grazing  and  cropland  treatment  effects;  (4)  the  effects 
measured  are  related  to  the  desired  end  products,  the  damages  produced 
by  floods;  (5)  a suitable  measuring  device  was  employed,  multiple 
regression  analysis;  and  (6)  in  the  application  of  the  results,  tests 
were  made  for  the  individual  cases  whenever  possible.  Despite  attempts 
at  obtaining  adequate  statistical  bases  for  the  findings  and  devising 
of  checks  on  the  findings,  the  possibility  of  error  cannot  be  overlooked. 
In  order  that  the  assumptions,  reasonings,  and  evaluations  may  be  checked, 
full  data  have  been  given  insofar  as  practicable. 
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Tab le  1 . — Maximum  daily  pre cipitation  of  storms  and  associated  21-day 
antecedent  precipitation  for  Big  Santa  Anita  watershed  for 
69-year  period,  Oct.  29.  1677.  to  April  6.  1946 

(Numbers  in  parentheses  are  for  period  Oct.  1,  1916,  to  April  30,  1946) 


Maximum  daily 
precipitation 
in  inches 

f 2 

.0 

Twenty- 

•one-day  antecedent  precipitation — 

inches 

0 *2.00-3.99.’ 

6 

o 

• 

-7.99 

8.00- 

-15.99 

16.00- 

■31.99 

7 31.99 

0.02-0.99 

765 

(325): 147 

(68) ; 

120 

(50) 

74 

(24) 

32 

(12) 

i a) 

1.00-1.99 

130 

( 51).  45 

(26). 

35 

(17) 

31 

(13) 

6 

( 

2) 

2.00-2.99 

38 

( 

16)!  21 

do): 

25 

(17) 

14 

( 4) 

8 

( 

5) 

3.00-3.99 

22 

( 

8)!  7 

( 3); 

9 

( 5) 

11 

( 3) 

2 

( 

i) 

4.00-4.99 

7 

( 

5) : 9 

( 3) : 

9 

( 3) 

5 

( 4) 

3 

( 

2) 

1 (0) 

5.00-5.99 

: 3 

( 1); 

3 

( 2) 

3 

( 2) 

2 

( 

0) 

6.00-6.99 

2 

( 

1)!  2 

( o)i 

3 

( 1) 

1 

( 1) 

7. CO-7. 99 

1 

( 

o); 

1 

( 1) 

8.00-8.99 

3 

( 

i) : i 

( 0)1 

9.00-9.99 

1 

( 1) 

10.00-10.99 

3 

( 

o): 

1 

( 0) 

11.00-11.99 

1 

( 

i)  :* 

1 

( 

1) 

12.00-12.99 

13.00-13.99, 

1 

( 0) 

14. 00-14. 99 

15.00-15.99 

1 

( 

d; 

1 1 n 

Totals 

973 

‘235 

205 

142 

54 

2 

Grand  total  1,611 


23 
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Table  2. — Maximum  discharge 

at  gaging  stations  in 

Santa  Clara  and 

Ventura 

River  watersheds 

• 

• 

Watershed 

• 

• 

• 

m 

Area  * 

• 

• 

Period  of  record  1/  ! 

Maximum  discharge 
during  period  2/ 

Santa  Clara  River 

Sq.mi. 

355 

Oct.  1929-Sept.  1947 

C . f . s . 

24,000 

Piru  Creek 

432 

Oct.  1934-Sept.  1947 

35,600 

Hopper  Creek 

23 

Oct.  1930-Sept.  1947 

8,000 

Sespe  Creek 

254 

Oct.  1927-Sept.  1947 

56,000 

Santa  Paula  Creek 

40 

Oct.  1932-Sept.  1947 

13, 500 

Ventura  River 

187 

Oct.  1929-Sept.  1947 

39, 200 

Matilija  Creek 

55 

Oct.  1927-Sept.  1947 

15,900 

North  Fork 
Matilija  Creek 

16 

Oct.  1933-Sept.  1947 

5,580 

Coyote  Creek 

41 

Oct.  1933-Sept.  1947 

11, 500 

Calleguas  Creek 
near  Simi 

78 

1933-1942 

1,700 

Calleguas  Creek 
near  Moorpark 

115 

1933-1942 

4,100 

1/  Additional  short  period 

records  are  sometimes 

available. 

2/  All  maximum  discharges  occurred  March  2,  1933. 
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Table  3* — Equations  relating  peak  discharges  and  sediment  production 
from  watersheds  to  their  causes  l/ 
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Table  4.— Definition,  units,  and  ranges  in  variables 


Symbol 

: Variable  : 

Units 

Range 

Q 

Momentary  peak  discharge  from  a water- 
shed during  the  storm 

C.f .s. 

5-90,000 

eD 

Sedimentation  in  reservoir 

AF/sq.mi./yr. 

0.3-36.0 

Es 

Average  suspended  sediment  content  of 
streamflow 

Ppm 

3, 900-192, 300 

n 

Maximum  1-day  precipitation  during  a 
storm 

Inches 

0.2-20.0 

p'i 

aP21 

Maximum  1-day  precipitation  for  maximum 
storm  of  a year 

Twenty-one-day  precipitation  antecedent 
to  storm  maximum  1-day 

Inches 

Inches 

0.3-23.0 

ap,21 

A 

Twenty-one-day  precipitation  antecedent 
to  maximum  1-day  of  maximum  storm  of  a 
year 

Watershed  area 

Inches 

Square  miles 

1.5-1,763 

c 

Average  cover  density  on  watershed 

Percent 

2.0-72.4 

ACk  Area  of  main  channel  of  the  watershed  Ac./sq.  mile  1,7-9. 7 

q ' Maximum  yearly  peak  discharge  C.s.m.  10-550 

Mean  of  maximum  yearly  peak  discharges 
to  .866  power  — 8.8-59.9 


PEp  Average  precipitation  effectiveness, 

1.619  log  P'q  + 0.410  log  aP*2i  _ Inches2  0.82-1.48 

RE  Relative  erodibility,  antilog  /1.678 

+ 0.0183  S/C*/  Gibraltar  taken  as  100  — 41-3,746 

RD  Relative  discharge,  0.370  power  of  ratio 

of  annual  flow  to  peak  flow  of  year  to 
.866  power  (Gibraltar  taken  as  100) 


S/C  Suspended  silt  + clay/colloids  100%  / % 16.2-172.6 

DR  Suvspended  silt  + clay/ultimate  silt 

+ clay,  after  Middleton  % / % 14.1-49.6 

ER  DR  x moisture  equivalent/colloids,  after 

Middleton  % / % 

P3/C  Joint  variable  of  P^  and  C (nonsignificant)  — 

Pn.aPp-,  Joint  variable  of  P-,  and  aPp-.  (non- 
significant) 

A/C  Joint  variable  of  A and  C (nonsignificant) 
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Table  5« — Estimated  peak  discharges  from  watersheds  for  various  watershed  conditions 
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Revised  October 


1/  Maximum  yearly  discharge  frequencies  expected  for  long-term  meteorological  events  and  under  existing 
fire-protection  levels  and  existing  grazing  and  agricultural  use. 

2/  These  factors  times  the  discharges  listed  give  discharge  frequencies  expected  within  the  next  20  years 
considering  present  trends  in  use  and  resultant  watershed  conditions  with  and  without  programs. 
Programs  are  given  in  detail  in  Appendix  l;. 
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Table  6 . —Vegetation  density  recovery  rates  following  fire* — by  cover 


tyres  for  various  geologic 

origins  of  soil 

■parent 

materials 

Cover  type 

: Minimum ; Maximum ; Re  c ove  ry 
: cover  : cover  :rate  (k) 
Geology  : density: density;  1/ 

Oak  chaparral 

Met amorphic 

0 

90 

0.156 

Igneous 

0 

80 

0.139 

Sedimentary 

0 

65 

0.152 

Pure  chamise  and 

Met amorphic 

0 

60 

0.110 

chamise  sage 

Sedimentary  & 

igneous  0 

50 

0.058 

Anorthosite 

0 

40 

0.037 

Chamise -man zanit a 

Met  amorphic 

0 

80 

0.123 

and  chaparral 

Igneous 

0 

75 

0.116 

Sedimentary 

0 

65 

0.112 

High  elevation 

Met amorphic 

0 

80 

0.138 

chaparral 

Sedimentary  & 

igneous  0 

70 

0.143 

Oak  woodland 

All 

0 

90 

0.263 

{Quercus  chrysolepis) 

Oak  woodland 

All 

30 

40 

0.105 

(Quercus  agri folia) 

Desert  chamise  and 

Met amorphic 

0 

65 

0.100 

chaparral 

igneous 

0 

60 

0.094 

Sedimentary 

0 

30 

0.080 

Coastal  sage 

All 

0 

40 

0.153 

Desert  sage 

All 

0 

30 

0.100 

Semi desert 

All 

0 

30 

0.051 

Pinon  Juniper 

All 

10 

25 

0.074 

Timberland  chaparral 

All 

0 

50 

0.054 

Semibarren 

Met amorphic 

0 

20 

0.093 

Sedimentary  & 

igneous  0 

20 

0.053 

Conifers 

All 

30 

50 

0 

1/  Vegetation  density  recovery  following  fire,  where  if  C-^  is  the  cover 
density  ”tn  years  after  a fire,  Cj^n  is  the  minimum  cover  density  after 
a fire,  C^ax  is  the  maximum  change  in  cover  density  attained  in  about 
40  years  after  a fire,  t is  the  years  after  a fire,  k is  the  constant 
representing  the  recovery  rate,  and  e is  the  base  of  the  natural  logarithms; 
then  C^  may  be  determined  from  the  growth  equation  = C^n  + C^ax(l-e“k^)* 


-28- 


. 


' 


■ 


■ 


- . 


: 

. 

. 


■ 


Table  7. — Periodic  sedimentation  measurements  of  ^ome  reservoirs  and 
a s s o ciated  discharge  storm  and, water shed  cover  variable s 


Watershed 

name 

Area 

I • 

• • 

• • 

. i 

[Period*. 

Sedi-  [ 
menta- j 
tion 

Mean 

q.  866 

[Average 
[ cover 
[density 

; u 

Average 
log  PE 2 

2/ 

Average 

cover 

density 

2/ 

Erosion 
ratios  4/ 

1r;  er  -s/c 

Water 

AF/sq. 

year 

mi . / yr . 

Gibraltar 

219 

1921-31  5/0.45 

8.8 

41.6 

0.94 

45.2 

25.2  21.0  52.8 

1932-34 

3.42 

27.8 

36.4 

1.48 

36.8 

1935-36 

1.04 

9.8 

30.3 

0.93 

30.4 

1937-38 

4.31 

59.9 

34.0 

1.26 

33.9 

1939-40 

0.71 

5.6 

36.5 

0.82 

36.2 

1941 

3.84 

26.3 

38.2 

1.27 

38.2 

1942-44 

1.15 

29.2 

40.6 

1.48 

40.5 

1945-47 

0.29 

12.5 

43.1 

1.18 

43.5 

Juncal 

16 

1931-39 

2.07 

1.18 

20.0 

19.1  13.4  37.7 

1940-48 

1.06 

1.24 

34.5 

Mono 

119 

1937 

1.68 

0.86 

33.8 

24.4  19.8  50.8 

Caliente 

40 

1938 

4.47 

1.67 

42.3 

20.1  14.4  39.4 

1939-48 

0.42 

1.21 

46.0 

1/  Weighted  average — weighted  on  basis  of  0.866  power  of  the  maximum 
yearly  discharge  associated  with  each  yearly  cover  density  during 
the  deposition  period. 

2/  Log  PE2  = 1.619  log  P’-^  + 0.410  log  aP*2^  from  equation  (d),  table  3. 

2/  Weighted  average — weighted  on  basis  of  PE2  associated  with  each  yearly 
cover  density  during  the  deposition  period. 

u DR,  ER,  and  S/C  are  respectively  Middleton’s  dispersion  and  erosion 
ratios  and  100  times  the  ratio  of  suspension  percent  to  colloids 
percent.  U.S.D.A.  Tech.  Bull.  178,  1930. 

5/  Plus  or  minus  error  in  original  storage  capacity  measurement — original 
capacity  of  13,746  acre-feet  was  used. 
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Tab le  8 . — Average  suspended  sediment  content  of  streamflow  with  associated 
cover  density  and  mean  erosion  ratios  of  some  south  coastal 
watersheds,  California 


• 

• 

• 

Watershed 

.Area  : 

Average  : 
suspended  : 
sediment  1/  : 

Cover 

density 

*.  Erosion  ratios  2 / 

: DR  ! ER  j S/C 

Sq. miles 

Ppm 

Percent 

Cuyama 

81 

18> 300 

31.1 

29.7 

26.2 

84.6 

Cuyama 

410 

140, 800 

35.1 

33.0 

29.5 

92.3 

Cuyama 

804 

43, 500 

35.9 

36.5 

30.2 

88.5 

Cuyama 

912 

31,000 

36.1 

35.1 

30.5 

87.0 

Sisquoc 

442 

11, 100 

48.7 

32.5 

28.8 

68.9 

Santa  Maria 

1,638 

19,400 

42.4 

33.4 

28.9 

76.2 

Santa  Maria 

1,763 

30, 200 

42.3 

33.6 

29.0 

78.6 

Bradley 

10.6 

35,000 

44.6 

42.5 

31.6 

82.6 

Ballinger 

30 

192,300 

27.1 

46.9 

44.5 

138.8 

Tepusquet 

13 

7,600 

44.8 

22.6 

16.2 

42.5 

Huasna 

119 

3,900 

58.8 

28.1 

24.0 

58.1 

Sespe  J3/ 

254 

2,370 

51.3 

17.1 

10.5 

31.6 

Sq  spe  4:/ 

254 

14, ICO 

19.0 

17.1 

10.5 

31.6 

Alamo 

89 

5,300 

53.9 

32.4 

29.5 

69.8 

1/  Except  for  the  Sespe 

samples,  all 

samples  were  taken  in  the 

water 

year  1940-41  by  the  U,  S.  Forest  Service,  Flood  Control  Survey 
Division. 

2/  DR,  ER,  and  S/C  are  respectively  Middleton's  dispersion  ratio,  ero- 
sion ratio,  and  100  x the  ratio  of  suspension  percent  to  colloids. 
U.S.D.A.  Tech.  Bull.  178,  1930. 

j/  Before  1932  fire. 

ij  Average  for  first  2 years  after  1932  fire  which  burned  76  percent 
of  watershed. 


Table  9. — Soil  characteristics 


Sample 

number 

Geology 

y 

Sus- 
pended 
si  + cl 
2/ 

Ultimate 
si  + cl 

M*E. 

1/ 

Colloids 

U 

• 1 
• 

• 

• 

• 

! 

] Clay 

Dis- 

persion 

ratio 

5/ 

Ero- 

sion 

ratio 

6/ 

• 

• 

\ Suspension 

. x 100  ■*" 

! colloids 

• 

Percent 

Percent 

Pet. 

Percent 

Pet. 

7 

Me 

19.5 

39.3 

11.9 

11.3 

9.6 

49.6 

52.2 

172.6 

5 

OP 

16.1 

37.9 

14:5 

19.5 

13.0 

42.5 

31.6 

82.6 

1 

Kc 

22.4 

61.3 

26.5 

27.5 

13.8 

36.6 

35.2 

81.4 

8 

Mn 

14*0 

54.5 

19.7 

24.4 

21.6 

26.8 

21.6 

59.8 

11 

Mm 

16.1 

74.1 

26.8 

36.1 

38.4 

22.7 

16.8 

44*  6 

10 

Mn 

16.5 

77.3 

27.3 

38.3 

36.9 

21.4 

15.3 

43.1 

4 

Mn 

12.0 

53.5 

20.1 

31.3 

18.0 

22.4 

14.4 

38.3 

Q 

✓ 

Mn 

16.1 

70.9 

35.2 

50. C 

26.7 

22.7 

16.0 

32.2 

2 

Eu 

15.2 

94-1 

23.4 

39.0 

35.6 

16.1 

9.6 

39.0 

3 

Ks 

5.1 

36.2 

16.3 

31.4 

13.7 

14.1 

7.3 

16.2 

1/  Geologic  symbols  in  Geologic  Map  of  California,  Jenkins,  1938* 
2/  Middleton1 s silt  and  clay,  U.S.D.A.  Tech.  Bull.  178,  1930. 

2/  Moisture  equivalent. 

cj  Colloids  after  method  of  W.  0.  Robinson. 

5/  Middleton* s dispersion  ratio. 

6 / Middleton* s erosion  ratio. 
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Table  10. — Geologic  distribution  in  selected  watersheds  of  the  Santa  Clara,  Ventura,  Calleguas  Creek 
watersheds  and  above  Gibraltar  reservoir  and  resultant  estimates  of  average  erodibility 
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Table  11. Average  erodibility  of  soils  of  watersheds,  estimated  annual  sediment  production 

for  various  watershed  conditions  and  “design”  storm  sedimentation 
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PLATE  TO  ACCOMPANY  HYDROLOGY  APPENDIX -SAN  GABRIEL  AND  SANTA  ANA  VI^TERSHED  CALIF.  — PREPARED  JANUARY  8,  1948 
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Figure  I 
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PROGRESSIVE  10  YEAR  MEAN  PRECIPITATION  AT  SELECTED  STATIONS 
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^te  to  accompany  Hydrology  Appendix  - Santa  P \ River  Watershed -Calif.  Prepared  December  4, 


BIG  SANTA  ANITA  WATERSHED 

RELATION  OF  OBSERVED  PEAK  DISCHARGES 
TO  COMPUTED  DISCHARGES 
CALCULATED  FROM  THE  GENERAL  EQUATION 
Los  Q=  1.293 +1.082  log  A +1.870  log  P24  +0.474  log  aP -0.852  log  C 


AGRICULTURE  - POPEST  SERVICE  - SAN  FRANCISCO 


Figure  2 
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FREQUENCY  CURVE -BIG  SANTA  ANITA 

TEST  OF  RELATIONSHIP 

OF  OBSERVED  TO  CALCULATED  PEAK  DISCHARGES 
BY  COMPARISON  OF  FREQUENCY  POINTS 


AGHiCULTUHt  - FOREST  SERVICE  - SAN  FRANCISCO 


Figure  3 
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MOMENTARY  PEAK  DISCHARGE  - C.  F.  S. 
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MOMENTARY  PEAK  DISCHARGES 
FOR  40-YEAR  OLD  VEGETATION 


AGHiCUUTUHE  - FOPEST  SERVICE  - SAN  FRANCISCO 


Figure  4 
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BIG  SANTA  ANITA -SANTA  PAULA 

PEAK  DISCHARGE  RELATIONSHIP  FOR  SAME  STORM  FLOWS 
CORRECTED  TO  COMMON  BASIS  OF  40-YEAR  OLD  VEGETATION 
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AGRICULTURE  - FOREST  SERVICE  - SAN  FRANCISCO 


Figure  5 
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SANTA  PAULA  CREEK 
NEAR 

SANTA  PAULA,  CALIFORNIA 


MAXIMUM  YEARLY  MOMENTARY  PEAK  DISCHARGES 
CORRECTED  TO  A BASIS  OF  40-YEAR  OLD  VEGETATION 
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AGRICULTURE  - FOREST  SERVICE  - SAN  FRANCISCO 


Figure  6 
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CALCULATED  SUSPENDED  SEDIMENT  - IN  THOUSANDS  ppm 


SUSPENDED  SEDIMENT 
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RELATION  OF  MEASURED  TO  COMPUTED  AVERAGE 
SUSPENDED  SEDIMENT  OF  STREAMS  FOR  WATERSHEDS 
IN  AND  ADJACENT  TO  THE  SANTA  MARIA 


Figure  7 
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First  storm  after  fire  (540  tons) 


SUSPENDED  SEDIMENT 
IN  RUNOFF  WATER  - SESPE  CREEK 


BEFORE  AND  AFTER  1932  FIRE 

DATA  FROM  ANNUAL  REPORTS 
SANTA  CLARA  WATER  CONSERVATION  DISTRICT 
1931-32  TO  1934-35 

Figure  6 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 


APPENDIX  3 

FLOOD  AND  SEDIMENT  DAMAGES 


Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek 


To  accompany  report  on  survey,  flood  control, 

Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek,  California 
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APPENDIX  3 


FLOOD  AND  SEDIMENT  DAMAGES 

Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek,  California 


PAST  FLOOD  DAMAGES 

In  Appendix  2 the  paucity  of  data  on  past  flood  flows  is  pointed  out. 
Reliable  data  on  flood  damages  are  not  available  for  floods  prior  to 
1938.  After  the  1938  flood  the  Corps  of  Engineers,  Los  Angeles,  made 
a detailed  survey  of  the  damages  on  the  Santa  Clara  and  Ventura  Rivers 
as  well  as  on  Calleguas  Creek.  The  damage  in  these  three  drainages  was 
about  §4,500,000  (table  1)  and  in  its  severity  to  the  different  types 
of  property  was  representative  of  the  economic  development  of  the  area. 

On  farms,  topsoil  was  eroded,  crops  destroyed,  farm  equipment  buried 
under  debris  or  washed  away,  livestock  drowned  and  fields  covered  with 
debris.  Land  along  the  rivers,  creeks,  and  barrancas  was  cut  away.  The 
numerous  small  towns  were  either  inundated  or  isolated  by  destruction 
of  roads,  bridges,  and  bridge  approaches.  Rail  communications  v/ere  in- 
terrupted by  destruction  of  the  tracks  and  bridges  and  by  deposition  of 
debris.  The  destruction  caused  to  the  railroad  near  Saugus  in  the  1938 
flood  illustrates  the  force  of  this  flow.  Of  eleven  bridges  in  Soledad 
Canyon  only  four  remained  on  their  foundations,  and  three  of  those  were 
buried  under  debris.  About  four  miles  of  track  were  completely  destroyed. 

Table  1, — Direct  damages,  Santa  Clara  River,  Ventura  River. 

Calleguas  Cx^eek  basins,  1938  1/ 


Property  damaged 

: Santa  Clara 
: River 

: Ventura  : 
: River  : 

Calleguas 

Creek 

• 

: Total 

Dollars 

Dollars 

Dollars 

Dollars 

Residential 

46, 100 

54,000 

1,  500 

101,600 

Business 

40, 200 

72, 300 

112, 500 

Industrial 

188, 300 

162,800 

351, 100 

Agricultural 

1,263,700 

169, 100 

126,600 

1,559,400 

Highways  and  bridges 

1, 254, 200 

272, 500 

1,526,700 

Railroads  and  bridges 

600,000 

2,800 

13,200 

616,000 

Utilities 

63,300 

16, 200 

79, 500 

Communication  systems 

27, 200 

15,100 

42,300 

Channel  improvement 

42, 000 

11,800 

53, 800 

Miscellaneous 

30,000 

12,000 

42,000 

Total 

3,555,000 

776,800 

153, 100 

4,484,900 

1/  1938  values  and  prices. 


r 


After  the  floods  of  1943  and  1944  the  Corps  of  Engineers  again  made  de- 
tailed damage  surveys.  The  damages  are  given  in  table  2.  It  should  be 
noted  that  although  the  discharge  of  1944  was  smaller  than  in  1943  damage 
was  higher.  Dikes  were  weakened  in  1943  and  broke  in  1944.  Also  the 
Santa  Clara  River  meandered  more  in  its  lower  portion  during  the  latter 
year  and  destroyed  more  land. 

Table  2. — Direct  damages :Santa  Clara  River  floods  of  January  1943 
and  February  1944  1/ 


• 

% 

Direct  damages 

Pronert^  damaged  : 

1943  : 

1944 

Dollars 

Dollars 

Agriculture 

143,000 

300,000 

Railroads  and  bridges 

73,000 

150,000 

Highways  and  bridges 

13,000 

170,000 

Industries 

13, 500 

Utilities 

60,000 

Channel  improvements 

80,000 

70,000 

Miscellaneous 

5,000 

— 

Total 

333, 500 

750,000 

1/  Values  as  of  year  when  damages 

occurred. 

ESTIMATED  FUTURE  FLOOD  DAMAGES  BY  DRAINAGE  AREAS 

The  damage  data  from  the  1938,  1943#  and  1944  floods  have  been  used  for 
estimating  future  damages.  Estimate  of  future  flood  damages  was  made 
for  each  area  for  at  least  three  flood  sizes.  They  form  the  basis  for 
the  damage  discharge  curves  which  are  essential  in  the  calculation  of 
future  average  annual  damages.  Description  of  damages  by  drainage  areas 
are  presented  in  the  following  pages.  Values  given  represent  prices  as 
they  prevailed  during  the  first  half  of  1948. 

A.  Santa  Clara  Basin 

1.  The  Santa  Clara  River  and  Tributaries  Above  Piru  Creek. — The  greatest 
concentration  of  damages  is  in  Soledad  Canyon  where  both  transcontinental 
highways  and  railroads  skirt  across  and  recross  the  river.  Ranches  and 
recreational  areas  also  are  hard  hit  by  floods.  In  other  tributary  can- 
yons the  threat  is  greatest  to  roads,  power  and  pipelines,  recreational 
areas,  and  to  the  scattered  agricultural  land.  Distribution  of  damages 
for  a flood  of  24,000  c.f.s.  on  Santa  Clara  River  at  Saugus  and  estimated 
total  damages  for  two  other  flood  sizes  are: 


( 


Table  3. — Damages:  Santa  Clara  River  and  tributaries  above 
Piru  Creek 


Typo  of  properties 

• 

: Direct  : 

Damages 

Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Residences  and  cabins 

117,800 

12,100 

129,900 

Agriculture 

279,000 

28,000 

307,000 

Business 

67,600 

10, 100 

77,700 

Industry 

16, 500 

1,  500 

18,000 

Highways  and  bridges 

1,181,000 

230,000 

1,411,000 

Railroads  and  bridges 

1,069,700 

253,000 

1,322,700 

Camps  and  recreation  grounds 

7,000 

0 

7,000 

Transmission  and  communications 

109,000 

25,000 

134,000 

Pipelines 

81,000 

24, 000 

105,000 

Total  for  discharge  of  24*000 

c.f.s.  at  Saugus 

2,928,600 

583,700 

3, 512,300 

Other  discharges 

12,000  c.f.s. 

702, 500 

5,000  c.f.s. 

1,000 

2.  -Santa  Clara  River  Belov/  Piru  Creek  Exclusive  of  the  Oxnard  Plain. — 
This  includes  the  area  between  Piru  Creek  and  the  west  end  of  South  Moun 
tain  and  the  area  below  South  Mountain  not  to  be  protected  by  the  author 
ized  Corps  of  Engineers  improvements. 

Since  the  valley  floor  within  this  reach  of  the  river  is  largely  agricul 
tural  in  character,  farm  damages  predominate.  Except  for  a small  area 
near  Bardsdale  at  the  river1 s junction  with  Sespe  Creek  most  of  the  val- 
ley land  is  located  on  the  right  bank  and  is  in  irrigated  orchards, truck 
crops,  beans,  and  pasture.  Loss  from  scouring  and  bank  cutting  is  heavy 
and  represents  the  major  damage.  Land  ruined  by  large  floods  may  lie 
idle  for  years  and  revert  to  brush.  After  a period  of  relatively  low 
flows  or  after  construction  of  revetments  give  some  degree  of  safety  it 
will  be  put  under  cultivation  again.  The  only  towns  affected  directly 
by  waters  from  the  Santa  Clara  River  above  the  authorized  Corps  of  Engi- 
neers* dikes  are  Santa  Paula  and  Fillmore.  However,  residential  proper- 
ties are  scattered  throughout  the  valley.  Distribution  of  damages  is 
shown  in  table  4» 


( 


Table  4* — Damages:  Santa  Clara  River  below  Piru  Creek  1/ 


* 


Type  of  property 

• 

• 

Damages 

: Dirsct  : 

: Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Residences 

379,700 

47,600 

427, 300 

Business 

47,600 

7,  500 

55,100 

Industry 

46,900 

11,600 

58, 500 

Agriculture 

2,632,900 

314,400 

2,947,300 

Highways 

153,700 

77, 500 

231, 200 

Railroads 

10,700 

10,900 

21,600 

Utilities 

34,000 

9,300 

43,800 

Channel  improvements 

142,200 

0 

142, 200 

Public  property 

117,600 

23,700 

141, 300 

Total  for  discharge  of 

210,000  c.f.s.  at  Montalvo 

i 3,565,300 

503, 000 

4,068,300 

Other  discharges 

110,000  c.f.s. 

1, 518,000 

53,000  c.f.s. 

547,000 

21,000  c.f.s. 

160,000 

1/  Includes  only  those  areas  not  to  be  protected  by  the 

authorized 

Corps  of  Engineers  improvements. 

3.  Lower  Piru  Creek. — The  town  of  Piru,  a 

short  stretch  of  highway, 

railroads,  and  a small  area 

of  agricultural  land  are  the  only  important 

properties  subject  to  damage 

on  the  short  cone  of  Piru  Cr 

•eek.  Distribu- 

tion  of  damages  is  shown  in 

table  5* 

Table  5.— 

Damages:  lower  Piru  Creek 

• 

• 

Damages 

Typo  of  property 

: Direct  : 

: Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Residences 

48, 300 

8,  500 

56,800 

Business 

6,400 

1,000 

7,400 

Industry 

14, 200 

2,800 

17,000 

Agriculture 

50,100 

6,700 

56,800 

Highways  and  bridges 

35, 500 

7,100 

42,600 

Railroads  and  bridges 

9,900 

2,000 

11,900 

Utilities 

50,000 

15,900 

65,900 

Total  for  54,000  c.f.s. 

discharge 

214,400 

44, 000 

258,400 

Other  discharges 

30,000  c.f.s 

160,000 

15,000  c.f.s. 

75,300 
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4.  Lower  Sespe  Creek. — Citrus  orchards  cover  most  of  the  land  on 
^ lower  Sespe  Creek,  The  town  of  Fillmore  is  endangered  by  flow  from 

Pole  Canyon  and  the  river.  It  would  also  be  severely  damaged  by  large 
flows  from  Sespe  Creek  and  whenever  the  creek  changes  its  course  to 
the  east  side  of  the  cone.  Expected  damages  for  various  discharges 
are  shown  in  table  6. 

Table  6 .—Damages:  lower  Sespe  Creek 


Type  of  property 

• 

• 

Damages 

: Direct  : 

Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Residences 

144, 800 

22,700 

167, 500 

Business 

5,700 

1,400 

7,100 

Agriculture 

409,000 

62, 500 

471, 500 

Highways  and  bridges 

41, 200 

10,000 

51, 200 

Railroads  and  bridges 

8,  500 

2,800 

11, 300 

Utilities 

35,  500 

11, 400 

46,900 

Public  properties 

12,300 

2,800 

15,600 

Total  for  discharge  of 

80,000  c.f.s. 

657, 500 

113,600 

771, 100 

Other  discharges 

60,000  c.f.s 

403,300 

40,000  c.f.s. 

35, 500 

5.  Santa  Clara  River  Barrancas  and  Small 

Tributaries.- 

—Along  the  north 

side  of  the  river  barrancas  drain  the  hillsides  and  cut  deeply  into 
the  citrus-covered  slopes.  Some  of  these  have  reached  a depth  of  50 
feet  and  are  as  much  as  100  feet  wide.  Others  are  only  starting  to 
make  their  appearance.  The  older  barrancas  are  partially  stabilized 
at  crossings  but  much  valuable  land  continues  to  be  lost  by  slumping 
and  side  cutting.  The  threat  of  fallen  trees  clogging  gully  plugs  at 
road  crossings  is  ever  present  with  resulting  cuts  in  roads  and  land 
loss.  The  newer  barrancas  generally  have  not  cut  much  below  Foothill 
Boulevard.  Flows  from  them  spread  over  citrus  orchards  and  leave  deep 
deposits  of  debris  and  sand  around  the  trees.  Above  Santa  Paula  some 
of  the  smaller  tributaries  to  the  river  have  formed  large  cone  areas 
and  are  depositing  great  quantities  of  debris  which  cause  shifting  of 
the  creek  course  as  they  traverse  farm  land  or  small  urban  developments. 
A similar  condition  exists  on  the  north  side  of  the  river  near  Bardsdale. 

Damages  are  given  for  these  tributaries  and  barrancas  separately  for 
the  areas  between  the  large  tributaries  Santa  Paula,  Sespe,  and  Piru 
Creeks . 

% 


-5- 


•s 


Table  7.— .Damages:  Santa  Clara  River  Barrancas  and  Small  Tributaries 


• 

Damages 

Type  of  property  : 

Direct 

: Indirect 

: Total 

Dollars 

Dollars 

Dollars 

From  Harmon  Canyon  to 

Santa  Paula  Creek 

Buildings 

Agriculture 

Roads 

Channe 1 improvement s 

6,000 

219,000 

67,000 

1,000 

1,000 
20,000 
18, 000 
0 

7.000 
239,000 

85,000 

1.000 

Total  for  discharge  correspond- 
ing to  16,000  c.f.s.  on  Santa 
Paula  Creek 

293,000 

39,000 

332.000 

From  Santa  Paula  Creek  to  Sespe  Creek 

Buildings 

Agriculture 

Roads 

Channel  improvements 

3,000 
106, 500 
19,100 
1,000 

500 

10,000 

5,000 

0 

3,  500 
116, 500 
24, 100 
1,000 

Total  for  discharge  correspond- 
ing to  16,000  c.f.s.  on  Santa 
Paula  Creek 

129,600 

15, 500 

145,100 

From  Sespe  Creek  to 

Piru  Creek  (including 

Bardsdale  area 

Residences 

Industry 

Agriculture 

Highways 

Railroads 

Utilities 

Public  properties 

Channel  improvements 

35,000 
17,  500 
121,400 
24, 100 
3,000 
3,  500 
6,100 
13,100 

7,000 
3,500 
18, 200 
7,200 
600 
400 
0 
0 

42,000 
21,000 
139,600 
31, 300 
3,600 
3,900 
6,100 
13, 100 

Total  for  discharge  correspond- 
ing to  39,000  c.f.s,  on  Piru  Cr. 

223,700 

36,900 

260,600 

Others  v/ith  discharges  corresponding  to : 


: Harmon  Canyon  to  : Santa  Paula  Creek :Sespe  Creek  to 
: Santa  Paula  Creek: to  Sespe  Creek  :Piru  Creek 


Santa  Paula  Creek 

Dollars 

Dollars 

Dollars 

7,000  c.f.s. 

138,000 

61,000 

1,800  c.f.s. 

Piru  Creek 
16,000  c.f.s. 
3,700  c.f.s. 

7,000 

2,000 

106,000 

4,000 
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B.  Ventura  River  Basin 


1.  Ventura  River  Including  Lower  Coyote  Creek  above  the  Corps  of  Engi- 
neer !s  Levee. — The  Corps  of  Engineers  has  constructed  a levee  below 
Ventura  Avenue  oilfields  to  protect  the  city  of  Ventura.  The  damageable 
properties  above  this  point  are  oil  and  associated  industries  and  busi- 
ness, the  rather  limited  agricultural  area  along  the  river,  and  roads. 
Table  8 gives  a summary  of  damages  that  may  be  expected  with  different 
discharges. 

Table  8. — Damages:  Ventura  River  above  Corns  of  Engineers  levee 


• 

• 

Damages 

Type  of  property 

: Direct 

: Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Residences 

46, 500 

8,300 

54,800 

Industry  and  business 

303,200 

91, 000 

394,200 

Agriculture 

163,700 

16,400 

180, 100 

Highways  and  roads 

171, 100 

53, 300 

224, 400 

Railroads 

1,900 

200 

2,100 

Electric  systems 

1,900 

200 

2,100 

Telephone  systems 

3,700 

400 

4,100 

Total  for  discharge  of  39,200 
c.f.s.  below  Coyote  Creek 

692,000 

169,800 

861,800 

Other  discharges 
20,000  c.f.s. 
2,000  c.f.s. 

300,000 

57,000 

2.  Horn.  Senor.  and  San  Antonio  Creeks. — Stewart,  Senor,  and  Horn  are 
the  major  tributaries  to  San  Antonio  Creek.  After  leaving  the  Ojai  Val- 
ley, San  Antonio  Creek  flows  through  a very  narrow  valley,  without  sig- 
nificant development,  into  the  Ventura  River.  Stewart  Canyon  debouches 
from  the  mountains  directly  into  the  town  of  Ojai.  Because  of  the  great 
damage  potential  the  Corps  of  Engineers  proposes  construction  of  a de- 
bris basin  and  channel  on  this  stream.  Horn  Canyon  may  spread  over  a 
relatively  wide  cone  area  of  the  Ojai  Valley,  but  Senor  has  been  confined 
by  an  improved  channel.  Estimates  of  damages  for  several  discharges 
are  given  in  table  9. 
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Table  9 .—Damages;  Horn  and  San  Antonio  Creeks 


• 

• 

Damages 

Tyne  of  property 

: Direct  : 

Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Residences 

2,800 

600 

3,400 

Business 

3,000 

1,000 

4,000 

Agriculture 

83,600 

8, 4C0 

92,000 

Roads  and  bridges 

35,300 

7,000 

42, 300 

Total  for  flood  corresponding  to 
12,200  c.f.s.  on  Matilija  Creek  124,700 

17,000 

141,700 

Other  discharges 

10,000  c.f.s.  on  Matilija 

Creek 

100,000 

5,000  c.f.s.  on  Matilija 

Creek 

17,  500 

C.  Calleguas  Creek  Basin  Including  Las  Posas  Creek 

1.  Calleguas  Creek  Below  Moorpark.— Calleguas  Creek  below  Moorpark  tra- 
verses walnut  and  deciduous  fruit  orchards,  land  in  truck  crops,  beans, 
and  pasture.  In  its  course  through  the  Oxnard  Plain  dikes  protect  land 
predominantly  in  beans  and  sugar  beets.  Damage  is  mainly  to  agricultural 
properties,  and  loss  from  bank  cutting  outweighs  all  others.  The  damages 
presented  in  table  10  are  based  upon  a study  previously  made  by  the 
Corps  of  Engineers. 

Table  10. — Damages:  Calleguas  Creek  below  Moorpark 


• 

• 

Damages 

Type  of  property  : 

Direct  : 

Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Agriculture 
Roads  and  bridges 
Channel  improvements 

256,300 

67,900 

38,700 

42, 600 
15, 100 
0 

298,900 

83,000 

38,700 

Total  for  discharge  of  10, 500 
c.f.s.  at  Moorpark 

362,900 

57,700 

420,600 

Other  discharges 
6,000  c.f.s. 


195,000 


: 


2 . Tributaries  to  Calleguas  Green.  Above  Confluence  with  Cone  jo  Creek . - - 
Great  damage  is  done  by  small  tributaries  to  Calleguas  Creek.  They  carry 
large  amounts  of  debris  and  deposit  it  upon  entering  the  plain. 

In  many  instances  there  exist  no  channels  between  Calleguas  Creek  and 
the  slopes.  Orchards  are  being  ruined  and  roads  and  railroads  covered 
with  said  and  debris.  The  course  of  the  lower  tributaries  is  generally 
well  defined.  These  are  of  a barraica  type  and  damage  is  predominantly 
to  citrus  orchards  caused  by  bank  cutting  or  caving  of  the  steep  banks. 
Damages  from  the  important  tributaries  and  barrancas  are  given  in 
table  11. 

Table  11. — Damages:  Upper  Calleguas  Creek  and  tributaries  above  Cone.io 
Creek 


« 

• 

Damages 

Type  of  -property 

• 

• 

Direct  : 

Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Agriculture 

Residences  and  buildings 

126,400 
37, 500 

2,  500 
4,  BOO 

128,900 
42, 300 

Roads 

Railroads 

28,900 

26,100 

6, 000 
500 

34,900 

26,600 

Industry 

Channel  improvements 

30,000 

10,000 

1,500 

0 

31, 500 
10,000 

Recreation  areas 

2,  500 

0 

2,  500 

Total  for  discharge  corresponding 
to  2,000  c.f.s.  on  Gabbert  Canyon  261,400 

15,300 

276,700 

Other  discharges 
1,000  c.f.s. 
500  c.f.s. 

121,700 

38,700 

3.  Cone.io  Creek  and  Barraicas. — The  land  of  the  overflow  area  of  lower 
Cone jo  Creek  is  mostly  used  for  bean  growing.  Damage  is  mainly  from  in- 
undation. In  the  upper  part  the  land  is  in  citrus  orchards,  alfalfa, 
and  other  irrigated  crops.  For  about  one  and  one-half  miles,  Santa 
Rosa  Creek  is  without  a defined  channel.  Damage  is  greatest  at  this 
point  and  just  above  it.  Small  side  tributaries  deposit  debris  and 
flood  citrus  orchards,  irrigated  cropland,  bean  land,  and  roads. 

Damage  estimates  for  Conejo  Creek  are  shown  in  table  12. 
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Table  12. — Damages:  Lower  Conejo  Creek 


: Damages 

Type  of  property ; Direct  : Indirect  : Total 

Dollars  Dollars  Dollars 


Agriculture 
Roads  and  bridges 


125,SOO  14,000  139,300 

19,100 6,200 25.300 


Total  for  discharge  of  4,200 

c.f.s.  144,900  20,200  165,100 


Other  discharges 

3.000  c.f.s.  33,500 

1.000  c.f.s.  2,600 


4.  Las  Posas  Wash. — The  upper  tributaries  of  Las  Posas  Wash  are  of  a 
barranca  type.  On  their  way  to  the  valley  land  is  lost  through  under- 
cutting of  the  banks  and  fingering  gully  erosion.  Very  heavy  road  damage 
and  sedimentation  of  cropland  occurs  where  tributaries  skirt  the  highway. 
The  wash  continues  in  its  course  through  irrigated  cropland  and  walnut 
orchards.  As  it  enters  an  area  of  dry- farmed  land  it  cuts  to  a depth  of 
about  70  feet  into  the  old  valley  fill.  Cropland  is  lost  through  under- 
cutting and  sloughing  off  of  banks.  The  wash  carries  a heavy  load  of 
silt  and  sand  which  is  deposited  upon  bean  land  of  the  Oxnard  Plain.  The 
floodwaters  finally  drain  off  into  Revelon  Slough.  Small  tributaries  from 
the  Camarillo  Hills  add  further  to  the  damage  in  the  Oxnard  Plain. 

Estimates  of  damages  are  given  in  table  13. 

Table  13. — Damages:  Las  Posas  Wash 


Damages 


Tyne  of  property 

• 

♦ 

Direct  : 

Indirect 

: Total 

Dollars 

Dollars 

Dollars 

Agriculture 

Roads 

Channel  improvements 

207,000 

111,000 

6,000 

10,000 

20,000 

0 

217,000 

131,000 

6,000 

Total  for  discharge 
to  10,000  c.f.s.  on 
Creek 

corresponding 

Calleguas 

324,000 

30,000 

354,000 

Other  discharges 

6,000  c.f.s.  205,000 

2,500  c.f.s.  49,50© 


Revised  September  1950 
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AVERAGE  ANNUAL  DAMAGES 


Estimates  of  damages  from  individual  future  floods  by  discharges  given 
in  tables  3 to  13  are  used  as  the  basis  for  preparation  of  the  damage 
discharge  curves.  The  frequencies  of  these  discharges  are  discussed  in 
Appendix  2 and  given  in  table  5 of  that  appendix  for  certain  control 
points.  From  these  data  discharge  frequency  curves  are  prepared.  A 
combination  of  these  two  sets  of  data  gives  the  damage  frequency  curve. 
The  average  annual  damage  is  then  obtained  either  by  planimetering  or 
tabulating  the  area  under  the  damage  frequency  curve  and  dividing  by 
100.  An  example  of  the  latter  method  for  Piru  Creek  is  given  below. 

The  stub  of  table  14  gives  the  midpoints  of  frequencies  by  which  given 
floods  are  equalled  or  exceeded.  Column  1 is  discharges  obtained  from 
table  5,  Appendix  2.  They  are  based  on  the  discharges  given  in  that 
table,  columns  2,  3,  4;  said  5 multiplied  by  the  factor  in  column  10 
which  converts  discharges  expected  under  "present"  watershed  conditions 
to  those  expected  under  watershed  conditions  without  a program. 

Table  14. "-Average  annual  damages:  Piru  Creek 


Frequency  : 

Discharge 

: Damage 

: Damage  times 

: number  of 

: events 

C.f .s. 

Dollars 

Dollars 

.5 

47,000 

237,000 

237,000 

1.5 

38,400 

200,000 

200,000 

2.5 

28,600 

153,000 

153,000 

3.5 

24, 800 

132,000 

132,000 

4.5 

20,000 

105,000 

105,000 

7.5 

15,600 

80,000 

400,000 

15.0 

9,900 

47,000 

470,000 

25.0 

6,800 

32,000 

320,000 

Total 

2,017,000 

Average  annual 

20, 200 

Similar  calculations  were  made  for  all  of  the  areas  for  which  damage 
estimates  are  shown  in  tables  3 to  13.  The  resultant  average  annual 
damages  are  given  in  table  15. 
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Table  15. — Average  annual  damages:  Santa  Clara.  Ventura,  and 

Calleguas  drainages,  exclusive  of  damages  to  be 
•prevented  by  existing  flood-control  structures 


Area  Average  annual  damage 

Dollars 

Santa  Clara  River  and  tributaries  above 

Piru  514,300 

Santa  Clara  River  between  Piru  and 
South  Mountain 

299,000 

Piru  Creek 

20, 200 

Sespe  Creek 

22,900 

Santa  Clara  River,  barrancas,  and  small 
tributaries 

55,100 

Ventura  River  to  levee 

94, 800 

Horn  and  San  Antonio  Creek 

14,700 

Calleguas  Creek  below  Moorpark 

19,900 

Tributaries  to  Calleguas  Creek  above 
Cone jo  Creek 

19,600 

Cone jo  Creek 

6,300 

Las  Posas  Creek 

21, 100 

Total 

1,087,900 

The  average  annual  damage  in  the  three  drainages  now  unprotected  or 
for  which  no  protection  is  at  present  contemplated  by  Federal  or  local 
agencies  is  $1,087,900.  To  this  must  be  added  damage  to  future  devel- 
opment. To  obtain  an  estimate  of  future  development,  advantage  is 
taken  of  the  parallel  trends  between  economic  and  population  growth. 

Population  of  Ventura  County  has  increased  from  70,000  in  1940  to  an 
estimated  103,000  in  1950.  It  is  estimated  that  by  1960  the  population 
will  increase  to  146,000.  1/  For  the  period  after  1960  it  is  assumed 
that  the  trend  predicted  by  Yeatman  2/  in  1935  for  1950  to  I960  would 


1/  William  A.  Spurr.  Forecast  of  California* s population  and  produc- 
tion, 1950-1960.  Stanford  University,  California,  1949. 

2/  W.  C.  Yeatman.  California  population  estimates  to  I960.  Los 
Angeles,  California,  1935. 


-12- 


be  resumed  and  that  population  growth  would  practically  come  to  an 
end  by  the  year  2000. 


The  total  increase  between  1950  and  2000  is  estimated  at  101,000  or 
nearly  100  percent. 

Based  upon  the  population  increase  of  the  towns  of  Ventura,  Oxnard, 
and  Santa  Paula  during  the  past  decade,  80  percent  of  future  population 
increase  would  take  place  in  or  around  these  cities.  Since  flood  pro- 
tection has  been  provided  or  is  authorized  for  thewSe  areas  only  20 
percent  of  the  increase  would  affect  unprotected  areas. 

!7hen  average  annual  damages  are  multiplied  by  20  percent  of  the  annual 
rate  of  increase  and  discounted  to  the  present,  the  average  annual 
damages  due  to  future  development  should  be  increased  by  14  percent. 

The  average  annual  damages  for  areas  not  now  protected  or  for  which  no 
protection  is  planned  at  present  by  other  agencies  is  $1,240,200. 
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APPENDIX  4 
PLAN  OF  IMPROVEMENT 


Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek 


INTRODUCTION 

The  recommended  remedial  program  to  reduce  flood  damage  in  the  Santa 
Clara  group  of  streams  consists  of  a series  of  interdependent  measures 
to  be  installed  over  a period  of  20  years.  The  structural  and  cultural 
measures  are  integrated  to  secure  a significant  reduction  in  flood  dam- 
ages by  reducing  flood  peaks,  erosion,  and  sedimentation.  The  remed- 
ial measures  also  provide  substantial  conservation  benefits. 

The  determination  of  the  quantity  of  needed  measures  for  the  intensifi- 
cation of  the  present  program  for  both  flood  control  and  conservation 
of  watershed  lands  was  made  by  consideration  of  total  needs  and  projec- 
tion of  anticipated  accomplishment  by  existing  conservation  programs. 

PLAN  OF  IMPROVEMENT 

The  measures  recommended  to  accomplish  reduction  in  floodwater  and 
sediment  damages  are  given  below  and  are  discussed  separately. 

Measures  for  the  stabilization  and  improvement  of  the  watershed  include: 

1.  Intensified  fire  prevention  and  control. 

2.  Land  acquisition. 

3.  Range  improvements,  including  gully  control. 

4.  Valley  community  channel  improvements. 

5.  Farm  runoff  disposal. 

6.  Seeding  to  perennial  grasses  areas  unsuitable  for  crops. 

7.  Irrigation  system  improvements  for  erosion  control. 

8.  Terrace  and  diversion  systems. 

I • Intensified  Fire  Protection  and  Control 

The  unusually  long  dry  season,  the  steep  terrain,  the  high  inflammability 
of  the  natural  cover,  and  heavy  recreational  use  combine  to  make  southern 
California  watersheds  one  of  the  most  difficult  fire-control  problems  in 
the  United  States.  The  need  for  adequate  fire  protection  is  emphasized 
by  the  proximity  cf  destructible  recreational,  urban,  and  agricultural 
developments  tributary  to  the  high-hazard  areas.  It  is  significant  that 
in  the  organic  act  of  setting  up  national  forests  in  southern  California 
the  primary  objective  was  "to  insure  favorable  conditions  of  water  flows." 
Rates  of  burn  have  varied  widely  by  individual  years.  The  present  average 
annual  rate  of  burn  is  estimated  to  be  2.04  percent  for  the  high-hazard 
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zone.  This  zone  is  composed  of  the  area  within  the  national  forest  pro- 
tection zone  in  the  Ventura,  Sesoe,  San  Francisquito,  Bouquet,  and 
Castaic  drainages,  and  totals  about  656  square  miles.  In  the  medium- 
hazard  zone  in  the  area  within  the  national  forests  the  present  average 
annual  rate  of  burn  is  1.37  percent.  The  rate  for  the  medium-hazard 
zone  protected  by  Los  Angeles  and  Ventura  Counties  is  1.25  percent.  The 
total  area  classified  as  medium-hazard  contains  1,169  square  miles. 

The  future  rate  of  burn  was  estimated  from  Forest  Service  records  of  use 
of  the  wildlands,  from  predicted  trends  of  future  use,  and  from  past 
relations  between  fire  occurrence  and  number  of  users.  Future  use  can 
be  expected  to  increase  greatly  because  of  increased  population  in  the 
report  area  and  the  consequent  increase  in  recreational  requirements. 

Forest  Service  use  records  are  not  available  on  a watershed  basis,  but 
the  statistics  for  Los  Padres  national  Forest  are  considered  representa- 
tive of  the  increasing  use  of  the  Ventura-Santa  Clara  River  watersheds. 
For  this  Forest  the  number  of  all  classes  of  users  by  periods  was: 


1911- 1925  (average  annual  for  period)  9,370 
1926-1930  (average  annual  for  period)  68,500 
1935  109,500 
1940  . 244,000 
1945  (restricted  use  during  war  years)  135,500 
1949  305,000 


A related  problem  peculiar  to  the  wildland  area  involves  the  heavy  use 
of  the  forest  lands  during  the  hunting  season,  which  at  present  is  coin- 
cident with  the  period  of  highest  fire  danger. 

As  a result  of  the  increased  development  and  population  growth  discussed 
in  Appendix  1 a conservative  estimate  of  future  annual  use  is  about  360,000. 
Past  experience  shows  that  increased  use  invariably  resulted  in  an  in- 
creased number  of  fires  regardless  of  the  prevailing  prevention  effort. 


For  Los 

Padres  Forest  the  number 

of  fires  occurring 

in  relation  to  use 

was: 

Average  annual 

Average  number  of 

Number  of  users  per 

Year 

number  of  users 

man-caused  fires 

man-caused  fire 

1911-25 

9,370 

19.5 

506 

1926-30 

68,500 

21.2 

3,231 

1931-35 

96,360 

25.2 

3,823 

1936-40 

192,710 

25.0 

7,708 

1940-45 

(Inadequate  records) 

1947-49 

267,180 

27.0 

9,895 

From  these  records,  it  is  to  be  expected  that  for  every  10,700  users  in 
the  near  future  there  will  be  at  least  one  fire. 
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Analysis  of  these  data  indicates  that  (1)  the  estimated  360,000  annual 
users  will  bring  about  an  incidence  rate  of  one  fire  for  every  10,700 
users;  (2)  this  rate  will  in  turn  cause  about  33  fires  annually  under 
the  present  level  of  protection;  and  (3)  this  number  of  fire  starts 
will  increase  the  average  annual  rate  of  burn  to  about  3 percent.  For 
purposes  of  program  evaluation  this  projected  rate  of  burn  was  used, 
rather  than  the  current  rate. 

The  flood -control  objective  is  to  reduce  the  average  annual  rate  of  burn 
to  .2  of  1 percent.  Based  on  the  present  and  expected  rates  of  burn 
with  and  without  the  intensified  program  , the  frequency  of  major  dis- 
disastrous  fire  occurrences  can  be  reduced. 

Measures  necessary  to  accomplish  the  objective  fall  into  two  categories, 
preventive  measures  and  control  measures.  Preventive  action  is  aimed  at 
reducing  the  number  of  starts  by  intensifying  and  expanding  hazard  reduc- 
tion and  educational  programs.  Control  measures  have  as  a major  objec- 
tive the  quick  detection  and  suppression  of  all  fires.  Thjs  is  now 
accomplished  by  lookouts  supplemented  by  aerial  patrol  and  specially 
trained  and  equipped  suppression  crows  readily  available  for  initial 
attack  on  fires.  The  methods  and  facilities  for  fire  protection  and 
control  are  constantly  improving;  consequently,  any  proposed  plan  cannot 
be  considered  static  but  must  be  flexible  to  meet  changing  conditions  and 
to  utilize  new  techniques  and  devices. 

Additional  facilities  will  include  about  660  miles  of  construction  and 
reconstruction  of  roads  and  trails  at  an  initial  cost  of  1,930,  800 
There  is  a need  for  168  new  buildings  at  a cost  of  .f  1,859 ,800.  Detec- 
tion and  communication  will  require  192  new  units  at  a.  cost  of  $176,100. 
New  pieces  of  equipment,  trucks,  tankers,  tractors,  etc.  to  the  extent 
of  66  units,  costing  "340,800,  are  needed.  A total  of  173  protection 
and  suppression  oersonnel  are  needed  over  and  above  present  levels,  in- 
cluding patrolmen,  tank  truck  and  tractor  operators,  air  crews,  and 
similar  technicians.  The  estimated  annual  cost  for  increased  personnel 
is  about  '276,400.  About  07  additional  water  improvements  consisting 
of  tanks,  springs,  catchment  basins,  sumps,  and  similar  improvements  will 
be  required  to  facilitate  fire  suppression.  The  total  average  annual 
operation,  maintenance  cost  of  the  fire  control  measures  is  A499, 200. 

Total  installation  costs  for  the  recommended  fire  protection  measures  by 
agencies  responsible  for  current  fire  protection  in  the  area  are  shown 
in  table  1.  Annual  operation  and  maintenance  costs  are  shown  in  table 
1-a.  The  recommended  distribution  costs  between  Federal  and  non-Federal 
sources  is  shown  in  Appendix  3* 
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Table  1. — Quantities  and  installation  costs:  recommended  fire-control 

•program 


• • 

» • 

: National  forest: 

• 

• 

Ventury  County  : 

Los  Angeles 
County 

• 

• 

• 

Total 

Measure 

Unit: No. : 

Cost  : 

No. : 

Cost  : 

No. 

: Cost 

: No. 

: Cost 

Dollars 

Dollars 

Dollars 

Dollars 

Roads  and 
trails 

Mi.  606 

1,411, 900 

42 

478,000 

12 

60,900 

660 

1,950,800 

Buildings 

No.  126 

1, 001,200 

34 

661,900 

8 

196,700 

168 

1,859,800 

Detection 
and  commun- 
ication 

No.  100 

73,400 

50 

50, 200 

42 

52, 500 

192 

176, 100 

Equipment 

No.  44 

129,100 

13 

73, 100 

9 

138,600 

66 

340,800 

Water  devel- 
opments 

No.  47 

120, 500 

10 

3, 200 

10 

25,000 

67 

148,700 

Total 

2,736, 100 

1, 266, 4C0 

473,700 

4,476,200 

Table  1-a. — Annual  operation,  maintenance,  and  replacement  costs: 
fire-control  program 


6 

Measure  : 

National : 
forest  : 

Ventura  : 
County  : 

Los  Angeles  : 
County  : 

Total 

Dollars 

Dollars 

Dollars 

Dollars 

Roads  and  trails 

26,000 

3,400 

11,000 

40,400 

Buildings 

40,800 

36, 800 

10,000 

87,600 

Detection  and  communication 

6,600 

5,700 

4,300 

16,600 

Equipment 

23,100 

17,900 

27,700 

68,700 

Water  development 

3,800 

700 

5,000 

9,500 

Personnel  1/ 

164, 400 

62,000 

50,000 

276,400 

Total 

264,700 

126, 500 

108,000 

499,200 

1/ 


The  additional  personnel  would  be  mostly  seasonal  employees.  They  are 
divided:  National  forest,  121;  Los  Angeles  County, 30;  Ventura  Coun- 
ty, 24. 
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The  treatment  of  new  burns  is  an  essential  emergency  measure  to  guard 
against  excessive  damage  from  the  inevitable  fires  that  will  occur  re- 
gardless of  the  intensity  of  protection.  The  number  of  large  fires 
and  the  total  burned  area  can  be  reduced  but  complete  elimination  of 
all  fires  cannot  be  expected.  Such  emergency  measures  are  considered 
an  integral  part  of  the  recommended  plan. 

2.  Land  Acquisition 

As  an  aid  to  accomplishing  satisfactory  cover  maintenance  and  erosion 
control  in  the  interest  of  flood  control,  public  acquisition  of  cer- 
tain lands  is  recommended.  The  acquisition  of  this  land  would  also 
provide  for  better  management  and  fire  control.  There  are  2,810  acres 
of  private  land  within  Los  Padres  National  Forest  which  are  so  located 
that  use  by  private  individuals  constitutes  a threat  to  very  valuable 
watershed  lands.  These  scattered  parcels  range  in  size  from  20  to 
160  acres.  Some  are  eroding  range  lands  or  brush  land  with  widely 
scattered  grass  whose  continued  operation  is  economically  marginal.  A 
few  parcels  are  cultivated  and  put  into  grain  each  year.  They  produce 
a poor  crop  and  should  be  retired  from  cultivation  in  order  to  stop 
soil  movement.  Most  of  the  acreage  is  in  areas  of  high  inflammability 
and  high  water  production  importance. 

Continued  private  use  of  these  pieces  of  land  or  attempts  to  improve 
the  land  by  removal  of  brush  by  fire  is  a danger  to  fire  prevention  ef- 
forts on  the  large  blocks  of  public  wild  lands.  Their  acquisition  would 
reduce  the  fire  prevention  problem  and  decrease  the  possibility  of  water' 
shed  denudation.  It  is  estimated  that  the  acquisition  of  this  land  will 
cost  about  $47,200. 

3 . Range  Improvements 

Livestock  are  grazed  upon  about  one-half  of  the  area  of  the  three  water- 
sheds. The  condition  of  the  land  used  by  livestock  is  extremely  poor. 
Until  recent  years  practically  no  consideration  was  given  the  range  by 
livestock  raisers  using  it.  Range  was  used  year-long  and  as  heavily  as 
was  possible  to  produce  cattle  of  feeder  condition.  In  recent  years 
close  study  1 / has  been  given  by  the  Soil  Conservation  Service  to  range 
areas  of  the  Quail  Lake  Soil  Conservation  District.  The  results  of 
this  study  have  been  used  extensively  in  preparing  a program  of  remedial 
measures  for  grazing  land,  particularly  in  the  wild- land  areas. 

Overgrazing  over  a long  period  of  time  has  greatly  reduced  the  density 
and  quality  of  the  vegetation  for  range  use  and  consequently  the  carry- 
ing capacity.  At  present  at  least  two-thirds  of  the  range  lands  would 
be  classified  from  "fair”  to  "very  poor."  Obviously,  the  land  is  pro- 
ducing but  a fraction  of  the  forage  potential  of  which  it  is  capable. 


i/  Peter  W.  Taylor.  Range  condition.  Quail  Lake  Soil  Conservation 
District,  June  194?. 
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While  the  loss  of  carrying  capacity  under  present  management  is  very  great 
a more  important  loss  to  the  public  generally  is  that  caused  by  erosion 
and  flash  floods.  Loss  of  vegetative  cover,  lack  of  jjlant  residue,  and 
impaction  of  soil  by  trampling  during  wet  weather  have  greatly  reduced 
the  infiltration  capacity  of  the  soil.  The  program  recommended  plus  ex- 
pected accomplishments  of  current  programs,  will  provide  for  stabiliza- 
tion of  the  soil,  increase  infiltration  capacity,  and  through  improved 
livestock  management  practices  increase  the  carrying  capacity  of  the 
range  land  areas  and  the  amount  of  beef  produced. 

A program  of  gully  stabilization  is  proposed  for  the  range  area  of  great- 
est accelerated  erosion,  the  headwaters  of  Piru  Creek.  In  this  area  ero- 
sion has  progressed  to  the  point  where  gullies  ranging  from  shallow  to 
20  feet  deep  have  been  created  in  the  mountain  meadows  and  best  grass 
areas.  Some  gullies  are  so  deep  they  are  more  properly  described  as 
valley  trenching.  Complete  or  even  partial  reclamation  of  the  worst  por- 
tions is  a long  term  expensive  undertaking.  Solely  on  the  basis  of  re- 
claimable  forage  some  of  the  required  work  would  not  be  justified.  There 
are  sites  for  water  conservation  reservoirs  on  Piru  Creek  below  the 
area  discussed.  When  these  reservoirs  are  constructed  there  will  be  a 
public  interest  in  arresting  debris  movement  from  the  large  spectacular 
gullies.  The  work  proposed  at  this  time  is  the  stabilization  of  the 
less  severe  erosion  for  the  purpose  of  reclaiming  and  improving  valuable 
range  lands.  Nevertheless,  the  major  gullies  described  represent  ex- 
treme watershed  deterioration  and  this  problem  must  be  faced  in  the  near 
future. 

The  gully  control  work  in  the  Upper  Piru  area  will  include  bank  sloping 
and  planting,  temporary  barriers  and  gully  plugs,  and  temporary  fencing 
to  protect  the  banks  until  stabilized.  This  work  should  raise  the  water 
table  and  fix  the  gradient  of  the  meadowland  drainage,  and  facilitate 
the  planned  reseeding  to  perennial  grasses. 

Below  is  given  a summary  of  the  management  and  ” structural”  provisions  of 
the  total  program  required  under  current  and  flood-control  plans: 

1.  Adjust  livestock  numbers  to  carrying  capacity  of  range. 

2.  Practice  a system  of  deferred  and  rotation  grazing. 

3.  By  fencing,  water  development,  salting,  and  herding,  secure  uni- 
form utilization  of  the  range. 

4.  Change  highly  eroded  clean  cultivated  field  to  permanent  pasture. 

5.  Gully  control  in  the  headwaters  of  Piru  Creek. 

6.  Fence  to  exclude  stock  from  areas  where  gullies  are  being  treated 
and  from  steep  slopes  which  cannot  be  revegetated  unless  com- 
pletely protected. 

7.  Convert  low-value  annual  grass  and  sagebrush  ranges  to  perennial 
grass,  either  native  or  introduced  species. 
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8.  Encourage  stockmen  to: 

4 

f 

a.  Maintain  a reserve  supply  of  hay. 

b.  Plant  Sudan  grass  for  late  summer  feed. 

c.  Use  protein  supplements  during  dry-grass  season. 

9.  Furnish  adequate  technical  assistance. 

The  determination  of  the  quantity  of  needed  ” structural”  measures  in 
the  range -improvement  plan  was  made  by  consideration  of  the  total 
needs  and  the  anticipated  accomplishment  by  going  programs.  The 
current  accomplishments  of  the  Agricultural  Conservation  Program  of 
the  Production  and  Marketing  Administration  and  of  the  Soil  Conser- 
vation Districts  were  projected  over  a 20-year  installation  period, 
then  these  quantities  were  subtracted  from  the  total  needed.  The 
remainder  includes  the  structural  works  needed  for  flood  control,  and 
is  the  quantities  shown  in  table  2.  Of  the  three  groups  of  structural 
measures,  it  is  anticipated  that  the  Production  and  Marketing  Admin- 
istration program  will  have  constructed,  on  private  lands,  all  but 
75  miles  of  fencing  and  11  miles  of  gully  stabilization.  The  remain- 
ing structural  measures  are  on  Federal  lands. 

Table  2. — Estimated  cost  of  range- improvement  program 


Measure 

: Quantity 

Installation 

cost 

: Operation,  main- 
tenance, and 
: replacement 

Dollars 

Dollars 

Fencing 

200 

miles 

1/113, 100 

5,600 

Water  development 

50 

units 

28,300 

1,400 

Range  reseeding 

5, 000 

acres 

113, 500 

5,700 

Gully  control 

15 

miles 

93,000 

1,000 

Total 

347,900 

13,700 

i/  Technical  and  educational  assistance  costs  of  approximately  7 per- 
cent are  included  in  the  installation  costs  on  private  land. 


4 . Farm-Land  Measures 

a.  Community  Channel  Improvements. — An  essential  element  to  the  pro- 
per functioning  and  effectiveness  of  the  land- treatment  measures  in 
the  farming  area  is  the  stabilization  of  farm  and  community  waterways. 
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Installation  of  runoff-control  measures  on  the  land  is  often  contingent 
upon  improvement  of  community  channels  which  serve  as  outlets  for  dis- 
posal of  runoff.  Soil-erosion  control  on  the  farm  lands  may  require 
stabilization  of  outlet  channels  to  prevent  increased  gully  erosion 
and  accompanying  land  damage.  The  improvement  of  these  interdependent 
channels  is  included  as  an  integral  part  of  the  farm-land  treatment. 
These  improvements  consist  of  a wide  variety  of  measures,  application 
of  which  depends  on  specific  site  conditions. 

The  relation  of  community  channels  and  their  improvement  to  land  treat- 
ment exists  because  of  soils  and  physiographic  conditions  in  the  water- 
shed. An  appreciateion  of  the  inter-relation  depends  on  an  under- 
standing of  these  conditions  and  the  effect  of  condition  of  flood  wa- 
ter and  sediment  source  areas  on  stream  regimen  in  alluvial  soils. 

The  characteristics  of  agricultural  soils  are  briefly  described  in 
Appendix  1,  page  12.  Proposed  community  channel  improvements  are 
largely  located  in  old  or  recent  alluvial  soils.  Stabilization 
measures  are  largely  needed  in  stream  reaches  through  recent  alluvial 
soils.  The  degree  of  erosion  or  sedimentation  activity  in  these 
minor  streams  is,  among  other  things,  a function  of  the  amount  of 
floodwater  and  sediment  discharged  into  them  from  agricultural  source 
areas.  Present  stream  characteristics  vary  from  those  of  extremely 
active  gullying  to  poorly  defined  stream  courses  which  change  loca- 
tion with  each  deposition-producing  runoff. 

Intensification  of  land  treatment  and  continuation  of  ** going”  land- 
treatment  programs  involve  reduction  in  soil  erosion  and  controlled 
disposal  of  runoff.  Both  of  these  items  will  increase  erosional 
activity  in  alluvial  streams*  courses.  Where  small  streams  are  now 
poorly  defined,  improvements  have  to  be  made  to  provide  for  orderly 
disposal  of  farm-land  runoff.  This  definition  of  the  runoff  pattern 
must  be  carried  to  points  of  safe  disposal  and  reduction  in  erosion 
on  farm  land  must  net  be  allowed  to  increase  erosion  activity  and 
damage  at  other  points  along  stream  courses.  For  these  reasons  com- 
munity channel  improvements  are  essential  for  installation  of  related 
measures  on  farm  land,  to  insure  downstream  sediment  reduction  bene- 
fits, and  to  prevent  local  flood  damage  along  their  courses. 
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Protection  of  agricultural  land  from  bank  cutting  by  revetments  located 
along  unstable  reaches  is  recommended  for  Calleguas  Creek  and  its  up- 
stream reaches — Arroyo  Las  Posas  and  Arroyo  Simi.  While  complete  and 
necessarily  expensive  flood  control  cannot  be  justified,  bank  protection 
to  prevent  loss  of  valuable  agricultural  lands  is  warranted  in  areas  of 
apparent  bank  cutting  activity.  Measures  for  both  needed  bank  protec- 
tion and  anticipated  need  for  stream-bottom  stabilization  are  recommended 
to  insure  effectiveness  of  the  program  in  reducing  the  quantity  of  sand 
for  deposition  in  stream  reaches  on  the  Oxnard  plain. 

Measures  recommended  for  improvement  of  minor  tributary  streams  in  the 
Calleguas  Creek  watershed  may  include  a few  small  floodwater-retarding 
structures  where  such  structures  will  reduce  the  over-all  cost  of  needed 
measures.  The  latter  Y/ould  consist  of  such  stabilization  measures  as 
revetments,  lined  channels,  drop  structures,  or  earth  section  depending 
on  requirements  of  field  conditions. 

Tributary  channel  improvements  are  needed  in  the  vicinity  of  Somis  to 
complete  stream  stabilization  work  undertaken  by  the  Soil  Conservation 
Demonstration  Project  in  the  period  of  1933  to  1940*  These  improvements 
for  stabilization  of  deeply  incised  barrancas  and  their  tributary  flows 
consist  largely  of  drop  structures  and  revetments. 

Stabilization,  enlargement,  and  bank  protection  of  these  tributary 
streams  provide  outlets  for  farm-land  runoff  systems  as  well  as  directly 
reducing  flood  and  sediment  damage.  The  Las  Posas  area  requires  drop 
structures  to  complete  barranca  stabilization  started  by  the  demonstra- 
tion project.  Disposal  of  runoff  from  areas  tributary  to  the  barrancas 
requires  additional  definition  and  stabilization.  These  measures  are 
to  reduce  sediment  contribution  from  stream  erosion,  provide  stable  out- 
let for  farm-land  measures,  and  reduce  local  flood  damage.  On  the  Oxnard 
plain  channel  excavation  is  needed  to  convey  water  from  Las  Posas  Wash 
and  local  runoff  in  the  vicinity  of  Del  Norte  Avenue  and  Santa  Clara 
Avenue  to  the  Santa  Clara  River.  This  program  estimate  also  includes 
construction  of  earth  channel  sections  for  disposal  of  water  in  Pleasant 
Valley  along  the  Camarillo  Hill  front. 

Estimated  needs  for  control  of  runoff  in  agricultural  areas  tributary 
to  the  Santa  Clara  River  include  completion  of  the  runoff  disposal 
systems  started  under  public  works  programs  in  several  areas  and  other 
improvements  for  direct  control  of  local  flood  problems,  disposal  of 
runoff  from  farm  lands,  and  land  treatment  for  soil  erosion  control. 

Measures  for  runoff  control  which  are  adapted  to  problems  in  the  agri- 
cultural area  along  the  north  side  of  the  valley  between  Ventura  and 
Santa  Paula  include  lined  channels,  conduits,  drop  structures,  revetments, 
and  earth  channels  for  stabilization  of  adequate  water  disposal  systems. 
East  of  Santa  Paula  prevention  of  flood  damage  by  small  tributary  streams 
involves  debris  control  as  well  as  water  disposal.  Estimated  costs  in- 
clude improvements  for  such  recognized  problems  as  Nigger  Canyon  at  Piru 
and  several  small  unnamed  canyons  west  of  and  tributary  to  Sespe  Creek. 
Measures  include  debris  basins  and  required  channel  stabilization  and 
enlargement  for  conveyance  of  flow  to  the  main  streams. 
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In  the  upper  basin  flood  protection  of  agricultural  land,  along  tribu- 
taries to  the  Santa  Clara  River,  is  largely  one  of  bank  protection  of 
localized  stream  reaches. 

The  land-treatment  program  consists  of  soil-erosion  control  measures  for 
reduction  of  floodwater  and  sediment  damage.  Most  of  the  total  of  some 
205,000  acres  of  farm  land  is  estimated  to  need  some  of  the  practices 
not  now  being  applied.  The  estimated  quantities  of  farm-land  measures 
needed  are  based  on  land  use  by  land  capability  classes  (table  3),  con- 
servation program  specifications  for  each  land-use  and  site  class,  and 
estimate  of  the  adequacy  of  current  (1948)  conservation  management  in 
the  watershed.  Land-use  capability  (table  3)  is  developed  from  recon- 
naissance soil  surveys  of  the  watershed  and  land- use  data  taken  from 
aerial  photographs.  Estimates  of  quantities  of  conservation  measures 
needed  in  1948  were  expanded  from  available  estimates  for  similar  land- 
use  and  site  conditions  in  soil  conservation  districts. 


Description  of  the  land  in  each  capability  class,  shown  in  table  6,  is 
as  follows: 


Class  I land  is  very  good  land  with  little  or  no  limitation  or  hazard. 
It  is  nearly  level,  deep,  and  without  erosion.  Some  of  it 
may  need  drainage,  clearing,  or  other  conditioning  measures. 


Class  II  land  is  good  land  with  only  minor  limitations  or  hazards, 
such  as  gentle  slopes,  moderately  shallow  soils  or  slight 
susceptibility  to  erosion.  Choice  in  use  may  be  reduced, 
and  conservation  practices,  such  as  water  management,  con- 
tour operation,  cover  cropping,  etc.,  are  required. 

Class  III  land  is  fairly  good  land  which  is  suitable  for  occasional 
cultivation— usually  not  more  frequently  than  1 year  in  4. 
When  plowed,  considerable  care  needs  to  be  taken  to  avoid 
erosion  or  other  lasting  damage. 


Class  V land  is  very  well  suited  for  grazing  or  forestry  use.  It 
has  little  or  no  physical  limitations  or  hazards  when  so 
used  but  requires  good  range  or  woodland  management. 

Class  VI  land  is  well  suited  for  grazing  or  forestry  use.  It  has 

minor  hazards  and  limitations  due  to  moderately  steep  slopes, 
shallow  soils,  or  susceptibility  to  erosion. 


The  total  program  needed  includes,  where  applicable,  such  practices  as 
crop-residue  management,  contour  tillage,  annual  winter  cover  crops, 
contour  sub soiling,  and  strip  cropping  in  addition  to  those  measures 
shown  in  tables  4 and  5.  These  types  of  practices  are  now  being  applied 
in  varying  degrees  under  existing  conservation  programs. 


> 
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Tab le  3 , — Land  use  by  land-use  classes:  Ventura  Count?/  watersheds 


Area  and 
capabil- 
ity 
class 

Citrus 

• 

* 

• 

• 

• 

• 

: Walnuts 

Apri- 

cots 

: Truck 
: and 
: field 
: crops 

» • 

• • 

• • 

• • 

• • 

• • 

:Alfalfa: 

• 

• 

Beans, : 
beets, : 
etc.  : 

• 

• 

Grain  : 
and  : 
hay  : 

Total  by 
land  use 
classes 

Calleguas 

Acres 

Creek 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

Acres 

I 

II 

III 

IV 

VI 

2,425 
3,180 
1,480 
1, 110 
1, 585 

7,085 
7, 340 
410 

400 

500 

2,900 

6C0 

250 

1,725 

1,655 

300 

500 

200 

11,075 
14,600 
4, 880 
4, 280 
4,130 

1,200 

2,920 

7,490 

6,975 

23, 210 
28,475 
13,090 
13,480 
12,940 

Subtotal 

9,780 

14,835 

4,650 

3,680 

700 

38,965 

18, 585 

91, 195 

Santa  Clara  and 
Ventura  River  watersheds 

I 

II 

III 

IV 

VI 

13,400 
15,680 
2,945 
1, 800 

8,  560 
890 

230 

450 

500 

4,160 

3,010 

450 

4,020 

4,920 

520 

15,470 

13,250 

2,900 
8, 205 
2,430 
500 

45,840 
41,100 
12,120 
4, 230 
1,000 

Subtotal 

33,825 

9,450 

1, 180 

7,620 

9,460 

28,720  14,035 

104, 290 

Grand 

total 

43,605 

24,285 

5,830 

11, 3C0 

10, 160 

67,685 

32,620 

195,485 

The  1949  records  of  practice  payments  by  the  Agricultural  Conservation 
Program  of  the  Production  and  Marketing  Administration  and  Soil  Conser- 
vation Service,  showing  application  of  conservation  practices  applied  in 
the  several  soil  conservation  districts  in  the  watershed,  were  used  to 
project  expected,  accomplishment  by  going  programs  of  the  Department 
a 20-year  installation  period.  These  quantities  were  subtracted  fro 
total  needs  to  obtain  the  intensified  program  (tables  4 and  5)*  Accom- 
plishment by  going  programs  indicated  that,  in  the  next  20  years,  appli- 
cation could  be  expected  for  some  simple  and  inexpensive  practices  men- 


tioned above  and  for  all  conservation  practices  which  do  not  involve  costs 
above  normal  operation  expenses.  Tables  4 and  5 show  the  measures,  their 
quantities,  and  costs  remaining  in  the  intensified  agricultural  land- 
treatment  program. 


Descriptions  of  these  measures  and  total  quantities  for  Calleguas  Creek, 
Santa  Clara,  and  Ventura  River  watersheds  follow  tables  7 and  8. 
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T ab le  4 . — Intensified  agricultural  measures:  Calleguas  Creek  watershed 


Measure 

• * 

• • 

: Unit  : 

• 

• 

Quantity: 

Installation 
cost  1/ 

Farm  runoff  disposal  systems 

Dollars 

Land  capability 
Class  II 
Classes  III-VI 

Acres 

Acres 

6,900 

3,700 

51,700 

198,000 

p-g 

Irrigation  system  improvement 

Acres 

600 

48, 100 

Terraces  or  diversion  systems 

Acres 

1,740 

46, 500 

Seeding  to  grass 

Acres 

17, 400 

372,400 

Community  channel  improvement 

3, 002, .000 

Total 

3,718,700' 

1/  Includes  7 percent  for  technical 

services  and 

educational  assistance 

• 

Table  5. — Intensified  agricultural 

measures:  Santa  Clara 

and  Ventura 

River  v/atersheds 

Measure 

• • 

• • 

: Unit  : 

• 

• 

Quantity  : 

Installation 
cost  1/ 

Farm  runoff  disposal  systems 

Dollars 

Land  capability 
Class  II 
Classes  III-VI 

Acres 

Acres 

6,700 

1,600 

16$  K 1 

50, 200 
85,600 

Irrigation  system  improvement 

Acres 

800 

64, 200 

Terrace  or  diversion  systems 

Acres 

4,300 

114, 000 

Seeding  to  grass 

Acres 

2,900 

62,000 

Community  channel  improvement 

3,006,700 

Total 

3,382,700 

1/  Includes  7 percent  for  technical  services  and  educational  assistance. 
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b.  Farm  Runoff  Disposal  Systems. — Based  on  detailed  study  in  Simi  Valley 
Soil  Conservation  District  and  expanded  to  include  all  orchards  in  these 
watersheds,  it  has  been  estimated  that  18,900  acres  of  land  will  require 
improvement  of  runoff  disposal  facilities.  The  improvements  range  from 
interception  ditches  with  no  outlet  Improvements  or  small  infrequent 
structures  to  complete  pipelines  and  inlet  disposal  systems  on  steep 
erodible  land.  These  measures  are  to  prevent  soil  erosion  or  sediment 
production  and  to  provide  for  orderly  conveyance  of  flow  to  improved 
community  channels.  This  item  does  not  include  water  disposal  on  grain- 
land  which  is  covered  in  item  d.  below. 

c.  Irrigation  System  Improvement. — Irrigation  systems  on  the  older  citrus 
orchards  were  installed  years  ago  when  erosion  control  was  not  recognized 
as  a factor  in  planting  furrow  systems.  Severe  erosion  by  irrigation 
water  moves  much  sediment  into  runoff  disposal  channels  where  it  becomes 
part  of  the  damaging  sediment  load  transported  by  stream  flow.  Correc- 
tion of  these  systems  by  such  measures  as  additional  distribution  lines, 
change  in  furrow  irrigation  grades  or  use  of  sprinkler  irrigation  will 

be  needed  on  about  1,400  acres  of  steep  citrus  land. 

d.  Terracing  and  Diversion  Systems. — These  measures  are  primarily  applied 
to  dry-farmed  Class  III  land  used  for  hay,  grain,  or  bean  production. 

They  are  part  of  needed  controls  on  lands  which  are  among  the  highest 
sediment-producing  lands  in  the  watershed.  Approximately  6,100  acres  of 
dry- farmed  cropland  are  estimated  to  need  these  runoff  control  measures. 
Primary  value  is  to  erosion  control  or  conservation  of  agricultural 
resources  now  being  most  rapidly  destroyed  on  these  sites  and  under  this 
land  use. 

e.  Grass  Seeding. — Approximately  20,300  acres  of  land  not  suitable  for 
continuous  cultivation  is  now  farmed  to  hay,  grain,  and  beans.  The  land 
is  a critical  sediment  source  and  in  the  $0-year  history  of  cultivation, 
many  acres  have  already  eroded  to  the  point  that  cultivation  is  no  longer 
profitable.  This  eroded  land  then  reverted  to  a poor  quality  of  annual 
pasture  under  which  erosion  continues.  It  is  planned  that  these  areas 

be  seeded  to  permanent  pasture  grasses  while  sufficient  soil  resources 
remain  to  support  grass.  This  will  minimize  erosion  and  insure  maximum 
productivity  under  proper  land  use. 

Estimated  total  installation  cost  of  the  farm-land  treatment  measures 
is  approximately  ^7,101,400.  Distribution  of  installation  cost  by 
watersheds  is  shown  in  tables  6 and  7* 


f 
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Table  6 . — Cost  of  intensified  farm- land  measures:  Calleguas  Creek  watershed 


Installation 

: Annual 
: tenance 

operation,  main- 
and  replacement 

Measures 

: Other  : : 

Federal  :public: Private: 

: Other  : 

Total  : public: Private 

: Total 

Dollars 

Pol. 

Pol. 

Dol . Dol . 

Dol. 

Dol . 

Farm  runoff  disposal 
systems 

25,900 

Land  capability 
Class  II 

25,800 

51,700 

1,940 

1,940 

Land  capability 
Classes  III-VI 

^99,000 

99,000 

198,000 

7,400 

7,400 

Irrigation  system 
provement 

im- 

14,400 

33,700 

48,100 

1,800 

1,800 

Terrace  or  diversion 
systems 

30, 200 

16, 300 

46, 500 

1,760 

1,760 

Seeding  to  grass 

223, 400 

149,000 

372, 400 

0 

0 

Community  channel 
provement 

im- 

2,401,600  600,400 

3, 

002,000  73,500 

73, 500 

Total 

2,794,500  £00,400  323,800  3,718,700  73,500 

12,900 

86,400 

t 
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Table  7 . — Cost  of  intensified 

farm- land 

measures:  Santa 

Clara  and 

Ventura  River  watersheds 

: Installation 

: Annual  operation,  main- 
:tenance  and  replacement 

Measures  : Federal  .‘public 

: Private 

: Other  : : 

: Total  : public : Private : 

Total 

Dol.  Dol. 

Dol.. 

Dol.  Dol. 

Dol. 

Dol. 

Farm  runoff  disposal 
systems 

Land  capability 

Class  11  25,100 

25, 100 

50, 200 

1,900 

1,900 

Land  capability 

Classes  I1I-VI  42,800 

42, S00 

85,600 

3,200 

3,200 

Irrigation  system 

improvement  19, 300 

44,900 

64, 200 

2, 400 

2,400 

Terrace  or  diversion 

systems  74, 100 

39,900 

114,000 

4,300 

4,300 

Seeding  to  grass  37,200 

24,800 

62,000 

0 

0 

Community  channel  im- 
provement 2,405,400  601,300 

3,006,700  83,000 

83,000 

Total  2,603,900  601,300  177,500 

3,382,700  83,000 

11,800 

94,800 

. 
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The  costs  of  land-treatment  measures  are  based  on  sample  conservation 
plans  involving  installation  of  these  measures  under  a variety  of  site 
considions.  Unit  costs  are  those  prevailing  in  194&.  These  items,  in- 
volving relatively  high  installation  cost,  are  the  phase  of  the  complete 
program  which  requires  intensification  for  completion  in  the  installa- 
tion period. 


The  cost  and  quantities  of  community  measures  primarily  for  flood  control 
have  been  estimated  by  specific  problem  consideration  where  information 
warranted,  and  by  expansion  of  this  information  to  other  similar  areas 
when  information  was  not  available  for  specific  consideration.  These 
estimates  were  based  on  the  following  unit  costs: 


Item 

Unit 

Unit 

Common  excavation 

Cubic  yard 

$0.25 

Earth  embankment  (including 

incidentals) 

Cubic  yard 

$0.75 

Revetments,  single  pipe  and 
double  pipe  and 
rail  and  wire 

wire 

wire 

Linear  foot 
Linear  foot 
Linear  foot 

$1.50 

$3.50 

$5.00 

Reinforced  concrete 

Cubic  yard 

1 

o 

’-t£r 

Bank  protection  planting 

Linear  foot 

§0.30 

SUMMARY  OF  PLAN  OF  IMPROVEMENTS  COSTS 


Total  estimated  installation,  operation,  and  maintenance  costs  for  the 
intensified  watershed-treatment  program  are  given  in  table  8. 

Table  8. — Summary  of  costs  of  recommended  program,  by  measures 


Measure 

: Installation 
: cost 

: Annual  operation 
: and  maintenance 

Dollars 

Dollars 

Fire  protection 

4,476, 200 

499, 200 

Land  acquisition 

47, 200 

— 

Range  improvement 

347,900 

13,700 

Farm- land  improvement 

7, 101, 400 

181, 200 

Total 

11,972,700 

694, 100 
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PHYSICAL  EFFECT  OF  THE  PROGRAM 


The  aim  of  the  forest,  range,  and  farm-land  measures  is  two-fold, 

1.  To  protect  soils  against  high- intensity  rains  by  improving 
plant  cover  or  farm-land  use,  thereby  increasing  surface 
infiltration  and  reducing  soil  erosion. 

2.  To  increase  the  effectiveness  of  land-use  measures  by 
supplemental  structures  on  the  land. 

To  show  the  effects  of  the  land-use  measures  in  comparable  terms,  they 
were  expressed  as  "resultant"  cover  densities.  Table  9 gives  these 
cover  densities  by  subdrainage  areas.  Column  2 shows  present  cover 
density  which  expresses  the  average  protective  condition  of  the  land 
under  present  use.  Column  4 is  comparable  in  that  it  gives  future 
total  cover  densities  with  the  trends  in  present  land  use  continuing 
and  after  the  proposed  land-use  measures  have  become  effective.  This 
table  shows  that  in  all  areas  cover  density  will  decrease  over  the  pre- 
sent density,  if  present  trends  in  land  use  continue.  It  shows  marked 
improvement  over  present  conditions,  if  the  proposed  program  is  put 
into  effect. 

The  improvement  in  cover  density  reduces  not  only  the  large  river  dis- 
charges but  also  sedimentation.  The  result  is  a material  reduction  in 
flood  peaks  and  flood  damages.  The  effect  on  damage  reductions  of 
supplemental  structures  which  are  an  integral  part  of  the  land- use 
measures  is  included  with  them. 

The  combined  physical  effect  of  all  the  measures  results  in  a reduction 
of  about  44  percent  in  flood  damages. 

Sediment  reduction  by  the  program  will  amount  to  about  3, 800, 000  cubic 
yards  annually. 

In  addition  to  the  flood  damage  reduction  benefits,  there  are  a series 
of  incidental  benefits. 

Reduction  in  the  number  of  damaging  forest  and  grass  fires  and  the  shift 
toward  smaller  fires  will  reduce  fire  suppression  costs  and  loss  of 
property  by  fire. 

Better  grassland  cover  and  improved  range  management  will  gradually  in- 
crease the  grazing  capacity  of  the  land.  Average  cattle  weights  will 
be  increased  by  about  15  percent,  and  the  calf  crop  will  be  increased 
about  10  percent. 

Cropland  measures  will  prevent  a decline  in  soil  fertility  and  will  main- 
tain yields  at  or  above  present  levels.  Thus  the  income  of  farmers  will 
be  maintained  and  the  agriculture  of  the  v/atershed  stabilized. 
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Table  9 • — Resultant  cover  densities  with  and  without  a watershed- 
treatment  program 


Subdrainaee 

Drain- 

age 

area 

• 

• 

: Present 
: average 
: cover 
: density 

Future 

condition 

Future 

cover 

densities 

(u  _ 

(2) 

(3.1 

..  (4) 

Sq.  mi. 

Percent 

Percent 

Santa  Clara  River 
near  Saugus 

355 

37.60 

Without  program 
With  program 

31.30 

45*45 

Matilija  Creek 

55 

50.70 

Without  program 
With  program 

46.70 

58.80 

Calleguas  Creek 

115 

40.68 

Without  program 
With  program 

38.72 

52.07 

Coyote  Creek  near 
Ventura 

41 

45.62 

Without  program 
With  program 

41.72 

53.26 

Piru  Creek  at  Piru 

432 

38.70 

Without  program 
With  program 

34.20 

49.16 

Sespe  Creek  near 
Fillmore 

254 

42.97 

Without  program 
With  program 

38.62 

53.56 

Santa  Paula  Creek 

40 

43.33 

Without  program 
With  program 

39.53 

51.93 

Ventura  River 

187 

45.36 

Without  program 
With  program 

41.66 

54.77 
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UNITED  STATES  DEPARTME17T  OF  AGRICULTURE 


APPEND  IF.  5 
PROGRAM  APPRAISAL 


Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek 


To  accompany  report  on  survey,  flood  control, 

Santa  Clara  and  Ventura  Rivers  and  Calleguas  Creek,  California 
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APPENDIX  5 


PROGRAM  APPRAISAL 


INTRODUCTION 

In  the  report  area  the  natural  cover  has  been  adversely  affected  by  acti- 
vities related  to  man’s  occupation  and  use.  Fires,  improper  grazing  use, 
the  development  of  agriculture  and  oil  fields,  and  the  construction  of 
roads  have  resulted  in  the  removal  or  deterioration  of  natural  cover 
over  wide  areas.  The  inevitable  result  has  been  reduced  infiltration 
rates  in  watershed  soils,  acceleration  of  runoff  and  erosion,  decreased 
groundwater  recharge,  and  decreased  livestock  and  crop  yields. 

The  remedial  program  in  general  is  aimed  at  restoring  and  maintaining 
the  maximum  infiltration  rates  compatible  with  occupation  and  use  of 
the  watersheds,  within  limits  of  economic  justification-,  The  program 
also  seeks  to  reduce  the  accelerated  erosion  which  results  in  decreased 
channel  capacities,  impairs  the  value  of  water  storage  developments,  and 
generally  augments,  the  damage  caused  by  flood  impact  and  inundation. 

Previous  appendices  hnve  described  the  various  measures  designed  to  re- 
duce runoff  and  erosion  from  wild-,  range-,  and  cropland.  Their  effect 
on  peak  discharges  is  shown  in  table  5,  Appendix  2.  In  addition  to  di- 
rect benefits  the  recommended  program  will  return  benefits  which  are 
definite  but  difficult  of  evaluation. 

Benefits  and  costs  were  estimated  on  the  assumption  of  complete  installa- 
tion of  treatment  and  farmer  participation.  A high  degree  of  cooperation 
in  the  range  and  cultivated  land  treatment  is  expected  in  view  of  the  pre- 
sent attitude  and  participation  of  farmers  and  ranchers  in  existing  pub- 
lic programs.  All  monetary  values  given  are  in  terms  of  prices  that  pre- 
vailed in  the  first  half  of  1948. 

ANALYSIS  OF  BENEFITS 

1.  Flood  Reduction  Benefits.— Reduction  of  flood  damages  by  the  proposed 
program  is  $4 76, 400  annually.  The  effect  of  the  program  measures  on  im- 
provement of  cover  conditions  is  shown  in  table  9,  Appendix  4,  and  in 
turn  the  effect  of  this  cover  improvement  on  flood  peaks  is  shown  in 
table  5*  Appendix  2.  The  resultant  flood  damage  reductions  are  derived 
from  the  frequency  data  in  table  5 of  Appendix  2,  and  the  various  dis- 
charge damage  curves  based  on  data  in  tables  3 to  13  of  Appendix  3*  and 
are  listed  in  table  1 of  this  appendix. 

The  flood  damage  reductions  shown  in  table  1 include  the  effect  of  ” going” 
programs  of  Department  of  Agriculture  agencies  during  the  next  20  years — 
the  installation  period  of  the  recommended  flood-control  program.  The 
average  annual,  benefit  from  the  accelerated  cover-improvement  program  pro- 
posed herein  is  estimated  at  $431*300  wt.ich,  together  with  structural 
measures,  gives  a total  benefit  of  $476,400  annually,  or  $543*100  if 
future  increases  in  population  and  economic  development  are  considered. 


Rovi^pd.  Mav  1952 


-1- 


" 

. 


. 

! : 0 - ta  ti  Iirr.'-t  nX  » t i 

. 


■ 

* 

' 

tair 


■ 

: ' A 


■ 

Table  1. — Average  annual  flood  damage  with  and  without  cover 
improvement  measures 


: Average  annual  damage: 

: Future  : 

Future  : 

Total  average 

: without  : 

with  : 

annual  damage 

Area 

: program  : 

program  : 

reduction 

Dollars  Dollars  Dollars 


Santa  Clara  River  and  tributaries 
above  Piru  Creek 

Santa  Clara  River  between  Piru 
Creek  and  South  Mountain 

Piru  Creek 

Sespe  Creek 

Santa  Clara  River  barrancas  and 
small  tributaries 

Ventura  River  to  levee 

Horn  and  San  Antonio  Creek 

Calleguas  Creek  below  Moorpark 

Tributaries  to  Calleguas  Creek 
above  Cone jo  Creek 

Cone jo  Creek 

Las  Posas  Creek 

Total 


514*  300 

232, 200 

282,100 

299*000 

173, 500 

125, 500 

20, 200 

14,700 

5,500 

22,900 

11,300 

11, 600 

55, 100 

39, 500 

15,600 

94*  800 

63,000 

; 31,800 

14,700 

9,100 

5,600 

19,900 

12, 300 

7,600 

19,600 

14, 100 

5,500 

6*  300 

3,600 

2,700 

21, 100 

18,700 

2,400 

1,087,900  592,000  1/495,900 


1/  Of  this  amount,  $>431,300  is  attributable  to  measures  recommended  in 
this  report;  the  remainder  will  result  from  going  programs  of  the 
Department  of  Agriculture  in  the  next  20  years.  This  total  does  not 
include  the  effect  of  future  increases  in  population  and  development 
which  was  estimated  on  page  13*  Appendix  3,  If  future  conditions 
are  considered  this  total  would  be  $565,300,  of  which  $491,700  would 
be  attributable  to  measures  recommended  in  this  report. 
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2.  Sediment  Reduction  Benefits . — Two  broad  classes  of  sediment  reduction 
benefits  have  been  evaluated,  namely,  the  reduction  of  sedimentation  in 
(a)  reservoirs,  and  (b)  channels.  Although  three  reservoirs  are  in  oper- 
ation in  this  basin,  the  effect  of  reduced  sedimentation  has  been  calcu- 
lated only  for  the  recently  constructed  Matilija  water  conservation  reser- 
voir. This  reservoir  was  completed  in  1949  at  an  estimated  cost  of 
$2,373,340.  The  original  capacity  of  7,000  acre-feet  has  a life  of  72 
years  at  the  present  and  expected  future  rate  of  sedimentation  without 
a watershed  treatment  program.  With  the  recommended  program  the  life 
of  this  reservoir  could  be  extended  to  200  years.  The  value  of  reducing 
sedimentation  in  this  reservoir  was  determined  by  the  cost  of  replace- 
ment plus  loss  in  service  with  and  without  a program.  Loss  in  service 
was  assumed  to  be  the  value  of  each  acre-foot  of  water  which  would  be 
displaced  each  year  by  the  average  annual  rate  of  sedimentation.  The 
value  of  an  acre-foot  of  water  was  assumed  to  be  equal  to  the  present 
average  price  paid  for  water  in  this  area  which  is  $20  per  acre-foot. 

The  benefit  resulting  from  reduced  sedimentation  was  determined  as  follows 


1.  Useful  life  of  reservoir  without  program,  years  72 

2.  Useful  life  of  reservoir  with  program,  years  200 

3.  Replacement  cost  of  capacity  lost  $2,373,340 

4.  Average  annual  damage  without  program 

($>2,373,340  x sinking  fund  factor  .0025)  $>5,933 

5.  Average  annual  damage  with  program 

($2,373,340  x sinking  fund  factor  .000016)  ^38 

6.  Annual  increment  of  service  loss  without  program 

(Average  annual  sedimentation  rate  (97  acre-feet)  x $20)  $1,940 

7.  Annual  increment  of  service  loss  with  program 

(Average  annual  sedimentation  rate  (35  acre-feet)  x $20)  $700 

8.  Present  worth  of  service  loss  without  program 

($1,940  x 504.5326,  present  worth  of  an  annuity  increas- 
ing by  1 per  year  for  72  years  at  4 percent  interest)  $978,793 

9.  Present  worth  of  service  loss  with  program 

($700  x 619.9023,  present  worth  of  an  annuity  increasing 

by  1 per  year  for  200  years  at  4 percent  interest)  $433,932 

10.  Average  annual  equivalent  value  of  service  loss  without 


program  ($978,793  x .04252,  amortization  factor  for  72  years)$41>6l8 
11.  Average  annual  equivalent  value  of  service  loss  with  program 


($433,932  x .04000,  amortization  factor  for  200  years)  $17,357 
12.  Average  annual  damage  without  program  (4.  plus  10.)  $47,551 
13-  Average  annual  damage  with  program  (5.  plus  11.)  $17,395 
14.  Average  annual  benefit  (12  - 13.)  $30,156 
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Stream  channel  sedimentation  in  this  vjaterslied  is  less  susceptible  to 
adequate  evaluation  at  the  present  time.  .Although  estimates  of  erosion 
have  been  made  for  the  several  sub-basins,  sufficient  data  are  not  avail 
able  to  determine  the  full  effect  of  sedimentation  on  the  main  channels 
of  the  Ventura  and  Santa  Clara  Rivers.  Available  river  channel  measure- 
ments are  limited  to  a relatively  short  span  of  time  and  do  not  include 
periods  immediately  before  major  flood  discharges.  Consequently,  no 
attempt  has  been  made  to  evaluate  the  effect  of  sediment  reductions  in 
the  main  channels  of  the  Ventura  and  Santa  Clara  Rivers.  Nonetheless 
significant  reductions  in  sediment  deposited  in  these  channels  will  be 
made  as  a result  of  the  recommended  program. 

Unlike  the  Santa  Clara-Ventura  Rivers,  deposition  and  its  effect  on 
channel  capacity  has  been  established  in  Calleguas  Creek.  Excavation 
of  this  channel  is  a recurrent  operation  by  local  interests,  therefore 
it  has  been  assumed  that  maintenance  of  this  channel  will  be  continued 
in  the  same  manner  in  the  future.  The  estimated  average  annual  sedimen- 
tation rate  without  the  recommended  program  is  323,000  cubic  yards.  The 
recommended  program  will  reduce  this  rate  about  68  percent  or  218,000 
cubic  yards  annually.  Of  the  total  sedimentation  rate  it  is  assumed 
that  slightly  more  than  half  remains  in  the  channel,  the  balance  being 
carried  to  the  ocean  by  stream  discharges.  On  the  basis  of  current 
operations  it  is  estimated  that  about  33  percent  of  the  sediment  will 
be  deposited  in  the  area  between  the  dikes  and  U.  S.  Highway  101  where 
the  average  annual  cost  of  removal  will  be  $1.30  per  cubic  yard.  About 
19  percent  will  be  deposited  below  the  highway  where  the  average  annual 
removal  cost  will  be  $0,50  oer  cubic  yard.  The  benefit  for  reduced 
sedimentation  in  Calleguas  Creek  channel  is  calculated  as  follows: 


Sedimentation  rate  without  program 
Sedimentation  rate  with  program 
Reduction  due  to  program 
Estimated  annual  cost  of  channel 
maintenance  xvithout  program 
Estimated  annual  cost  of  channel 
maintenance  with  program 
Average  annual  benefit 


323,000  cubic  yards 
104,200 
218,800 

$133,000 

$ 43,000 
$ 90,000 


Approximately  90  percent  of  benefit  will  result  from  recommended  program, 
10  percent  from  "going"  program,  therefore  average  annual  benefit  is 
$81,000. 

The  recommended  program  is  expected  to  accomplish  about  80  percent  of 
this  reduction  immediately  upon  installation  of  the  watershed  treatment 
measures.  The  remaining  20  percent  may  require  up  to  10  years  to 
accomplish.  Of  the  $81,000  annual  benefit,  20  percent  was  discounted 
for  10  years  which  reduced  the  average  annual  benefit  from  reduced 
sedimentation  in  Calleguas  Creek  channel  to  $77,500. 

3.  Conservation  and  Other  Incidental  Benefits. — Aside  from  the  benefits 
described  so  far  the  measures  proposed  in  Appendix  4 yield  benefits 
incidental  to  their  installation.  The  total  of  these  incidental  benefits 
is  ^571,000  and  the  contribution  of  each  of  the  measures  is  discussed 
below. 
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(a)  Fire-Control  Measures. — Three  types  of  incidental  benefits  accrue 
from  these  measures — reduction  in  fire  suppression  costs,  reduction 
of  property  loss  by  fire,  and  decreased  maintenance  cost  of  roads. 

The  saving  in  fire  suppression  cost  is  attributable  to  the  decrease 
in  average  annual  acreage  of  burn.  Better  detection  of  fires  and  more 
rapid  attack  will  reduce  the  number  of  acres  burned  by  individual  fires. 
The  reduction  in  average  annual  rate  of  burn  will  require  an  increase 
in  prevention  costs  but  will  effect  a reduction  in  suppression  costs. 

The  savings  are  calculated  to  be  $81,900. 

Along  with  the  reduction  in  size  of  fires  will  be  a reduction  in  property 
damage  by  fires.  Less  range  forage,  fences,  buildings,  and  stored  feed 
will  be  destroyed.  From  records  of  the  U.  S.  Forest  Service  it  is 
estimated  that  the  average  property  loss  from  fire  in  the  national 
forest  portion  of  the  report  area  would  be  $1.68  per  acre.  For  the 
portion  outside  the  national  forests,  records  were  available  for  the 
section  protected  by  Ventura  County,  ... 

In  the  past  the  years  the  property  losses  have  ranged  from  $1,300  to 
$186,000  per  year  in  zones  1 and  2 which  include  the  foothill  land 
adjacent  to  the  national  forests.  In  zone  3,  which  includes  the  areas 
outside  cities  and  towns  and  the  lower  foothill  farming  lands,  the 
average  annual  property  losses  have  ranged  from  0 to  $90  per  acre  burned, 
with  a 10-year  average  of  $4*65  per  acre.  These  losses  are  as  reported 
by  Ventura  County  and  are  not  increased  to  reflect  present  or  future 
price  levels.  The  fire  losses  in  zone  3 were  not  considered,  and  the 
one  abnormally  large  annual  loss  of  $186,000  in  zones  1 and  2 was 
omitted  in  determining  an  average  annual  property  loss  of  $1.93  per 
acre  for  the  wild  land  fires  outside  the  national  forest  zone  of  respon- 
sibility. 

Thus  the  expected  average  annual  reduction  of  20,100  acres  burned  in 
the  Forest  Service  protection  zone,  and  the  12,600  acres  in  the  Los 
Angeles  and  Ventura  County  protection  zones  will  result  in  an  average 
annual  reduction  in  direct  fire  damages  of  $57,700. 

Road  maintenance  costs  in  areas  burned  by  fire  are  above  normal  for 
several  years  following  a fire.  With  a reduction  in  the  area  burned 
there  would  be  a reduction  in  road  maintenance  costs.  The  calculation 
of  reduction  in  road  maintenance  cost  expected  to  result  from  increased 
fire  control  was  based  on  studies  made  for  a flood  control  survey  on 
the  adjacent  San  Gabriel  River  watershed.  In  that  area  road  maintenance 
records  showed  that  fires  caused  increased  maintenance  costs  for  af- 
fected roads  for  about  four  years  following  fires.  Based  upon  those 
records  and  the  frequency  and  size  of  storms  expected  in  the  four-year 
period,  it  was  calculated  that  the  increased  maintenance  costs  would 
be  $3,758  per  mile  for  minor  roads  and  $22,170  for  major  roads,  per 
year.  These  increased  maintenance  costs,  after  revision  to  1948  price 
levels  ($7,140  and  $42,123  respectively)  were  adopted  for  use  in  the 
Ventura-Santa  Clara  River  area.  It  was  assumed  that  the  reduction  in 
mileage  of  road  affected  each  year  by  fire  was  proportional  to  the  per- 
centage reduction  of  burn  of  brush  cover  which  was  expected  to  result 
from  increased  fire  control. 
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Data  on  the  Forest  Service  road  system  show  there  are  a total  of  769 
miles  of  roads  in  the  national  forests,  exclusive  of  major  highways. 

For  purposes  of  this  study  the  only  roads  considered  as  major  highways 
in  the  wild-land  area  were  the  Ventura-Maricopa  road  (U.  S.  Highway 
399)  and  the  Los  Angeles-Bakersfield  road  (U.  S.  99).  Other  roads 
which  might  be  classed  as  major  roads  from  the  standpoint  of  importance 
and  volume  of  traffic  are  included  in  the  Forest  Service  network,  so 
the  entire  mileage  of  this  network  was  considered  herein  as  minor.  For 
this  purpose  only  roads  within  the  national  forests  were  used  as  it 
was  considered  that,  in  general,  this  was  the  area  of  rugged  relief  such 
that  denudation  by  fire  would  cause  increased  debris  movement  and  addi- 
tional maintenance  work.  A few  miles  of  private  and  county  roads  within 
the  national  forests  but  not  part  of  the  Forest  Service  network  were 
also  included  as  minor  roads.  No  mileage  within  the  Calleguas  Creek 
watershed  was  included. 

Of  the  total  mileage  of  roads  in  the  national  forest  area  used  in  the 
study,  it  was  estimated  that  40  percent  to  50  percent,  depending  on  gen- 
eral location,  would  be  likely  to  suffer  increased  maintenance  costs 
due  to  fires.  Fire  control  studies  have  shown  that  the  probable  average 
annual  rate  of  burn  in  the  report  area  in  the  future  without  an  inten- 
sified control  plan  would  be  3 percent  of  the  protection  zones.  The 
program  recommended  is  expected  to  hold  the  average  annual  burned  area 
to  0.2  percent.  This  percentage  reduction  in  area  of  fires  Y/as  applied 
to  the  road  mileages  discussed  above  with  the  result  that  expected  in- 
creased maintenance  costs  would  be  eliminated  on  9.7  miles  of  minor 
roads  and  0.53  miles  of  major  roads  annually,  with  a corresponding 
saving  of  $92,000.  There  would  also  be  a similar  reduction  in  expected 
fire-caused  increase  in  maintenance  and  upkeep  of  other  utility  lines 
such  as  railroads,  telephone  and  telegraph  lines,  power  transmission 
lines,  aqueducts,  water,  gas,  and  oil  pipe  lines,  etc.,  but  data  are 
not  available  to  permit  monetary  evaluation. 

(b)  Range-Land  Measures. — It  is  estimated  that  25,000  head  of  cattle 
are  grazed  in  the  Ventura-Santa  Clara-Calleguas  drainages.  Expressed 
in  animal  units  this  represents  17,800  animal  units.  The  program  pro- 
poses better  use  of  the  range  by  increasing  water  development,  fencing, 
and  seeding  to  more  desirable  grasses.  Increase  in  protein  supplements 
during  the  months  of  low  nutritive  value  of  the  range  is  also  required. 
It  is  estimated  that  such  measures  will  increase  cattle  weights  by  15 
percent  and  the  calf  crop  by  10  percent.  The  total  number  of  cattle 
expressed  in  animal  units  will  increase  to  about  18,500. 

Ordinary  ranch  operating  costs  (excluding  rent,  interest  on  capital  in- 
vested in  land,  and  real  estate  taxes)  will  increase  from  $20.40  per 
animal  unit  to  $29.20  per  animal  unit  as  a result  of  an  addition  of 
150  pounds  of  cottonseed  meal  (or  similar  concentrate)  to  the  diet, 
greater  demand  for  labor,  horse,  and  truck  wrork,  etc.  However,  gross 
returns  wall  also  rise  from  $62  per  animal  unit  under  present  manage- 
ment to  $77  per  animal  unit  with  the  proposed  management  practices. 

Major  emphasis  is  placed  on  rotation  of  the  grazing  area,  developing 
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under-grazed  areas  and  improving  over-grazed  areas.  Supplemental  feed- 
ing would  be  used  in  conjunction  with  rotated  use  to  accomplish  the  ob- 
jectives. Although  on-site  benefits  would  accrue  almost  immediately  be 
cause  of  weight  and  calf  crop  increases,  it  has  been  assumed  that  a 
maximum  period  cf  10  years  after  installation  would  be  required  for 
full  accomplishment  of  both  on-site  and  off-site  benefits. 

Ranch  operating  costs  were  calculated  as  indicated  in  table  2. 
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Table  2. — Estimated  ranch  operation  costs 


Item 

: Unit 

: With  program  : 

costs 

Without  program 

Dollars 

Dollars 

Hay 

*96 

.96 

Concentrate 

7.23 

.48 

Other  feed 

.08 

.08 

Salt 

.12 

.12 

Labor 

7.71 

6.18 

Horse  work 

-58 

.46 

Vaccine 

.18 

.18 

Auto  and  truck 

1.38 

1.11 

Depreciation 

2.62 

2.48 

Association  fees 

.05 

• 05 

Taxes 

.97 

.97 

Interest 

7.14 

7.14 

Miscellaneous 

.16 

.16 

Total 

29.20 

20.40 

Table  3 gives  the  sample  calculations  for  determining  the  gross 
returns  per  animal  unit  based  on  samples  of  1,100  and  1,150  animal 
units. 


Table  3* — Gross  ranch  returns,  with  and  without  the  recommended 
program 

: With  program  j/  » Without'  program  ,2/ 


* Year-  :2-year  : ; : Year-  -2-year  • 

Calves  ♦ lings  -olds  ■ Cows  - Calves-  lings  -olds  • Covis^ 


Return  per  100 

lbs. 

$23 

|25 

§25 

$15 

§23 

§25 

|25 

|15 

Number  sold 

fAX 

I83 

98 

152 

89 

158 

85 

132 

89(5 

Average  weight, 

lbs. 

393 

846 

987 

1,042 

342 

736 

858 

906 

Return  per  head 

£90 

§210 

^247 

§153 

§79 

§184 

§215 

§136 

Total  return 

|16 

'*330 

§20,580  §37,400 

§13,620 

§12,480 

§15,640  §28,380  §12 

,100 

1/  Based  on  calculated  sample  of  1,150  animal  units. 


2/  Based  on  actual  sample  of  1,100  animal  units. 
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The  on-site  or  conservation  benefits  of  tho  range  measures  were  calculated 
as  follows: 


Present  net  return  per  year  without  program  § 740,900 

Net  return  per  year  10  years  hence  with  program  881,900 

Gain  in  return  141,000 

Average  annual  rate  of  increase  14,100 

Present  value  of  increase  592,091 

Increase  in  income  10th  year  141,000 

Increase  in  income  capitalized  at  4 percent  3,525,000 

Present  value  of  increased  income  10th  year  2,381,134 

Present  value  of  increase  in  income  2,973,225 

Average  annual  equivalent  value  118,929 

"Going  program”  will  accomplish  50  percent  of  increase, 
therefore  benefit  resulting  from  recommended  program  is  59,434 


(c)  Farm-land  Measures. — The  farm- land  measures  proposed  in  Appendix  4 
yield  major  soil  conservation  benefits.  The  measures  are  expected  to 
maintain  agricultural  yields  at  or  above  present  levels  under  conditions 
of  proper  land  use.  Quantitative  evaluation  of  conservation  benefits  has 
been  based  on  observation  and  judgment  by  local  authorities  on  agricultural 
production  and  conservation.  No  applicable  studies  or  investigations  have 
been  made  to  evaluate  conservation  jenefits  for  these  land-use  conditions. 

Monetary  appraisal  of  conservation  benefits  is  made  only  for  major  land 
uses  of  citrus,  beans,  and  grain  production  on  sloping  land.  The  approach 
used  has  varied  with  crops  and  soil  conditions  to  utilize  most  tangible 
judgment  of  the  effect  of  prevention  of  soil  loss  on  agricultural  produc- 
tion. The  evaluation  has  been  made  by  land-use  capability  classes  and  for 
site  conditions  of  limited  soil  depth.  Specific  estimates  are  shown  in 
tables  4 and  5,  and  are  briefly  discussed  as  follows: 

It  is  generally  recognized  that  citrus  groves  have  a limited  economic  life, 
even  under  the  best  of  site  and  management  conditions,  of  perhaps  75  years. 
Evidence  indicates  that  under  less  favorable  soil  conditions,  with  limited 
root  zone,  and  with  erosional  loss  of  soil,  the  economic  life  will  be  de- 
creased. Both  amount  of  production  and  net  income  will  be  correspondingly 
lowered. 

Estimate  of  benefit  to  all  Class  II  and  III  land  used  for  hay  or  grain  is 
based  on  maintenance  of  production  at  present  level  in  comparison  to  pro- 
jected deterioration  to  the  point  where  grain  farming  is  not  profitable 
on  soils  of  limited  profile  and  to  a lower  level  of  production  on  soils 
of  relatively  unlimited  profile.  When  topsoil  resources  are  lost  by 
erosion  on  limited  profiles,  land  use  is  assumed  to  revert  to  poor  range. 

A similar  approach  is  used  in  estimating  benefits  of  a conservation  pro- 
gram to  prevent  erosion  on  dry- farmed  bean  land. 

Table  4 shows  present  production  quantities  and  values  used  for  the  site 
conditions  involving  limited  soil  depth  on  Class  III,  IV,  and  VI  land. 
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Table  Cropland  conservation  benefits 


Watershed 

: Land  use 

s and 

: soil  depth 

: Lend 

:capability 
: class 

•.Quantity 

Unit  value 

« • 

• • 

e • 

•.Total  : 

Acres 

Dollars 

Dollars 

Santa  Clara 

Citrus  (Shallow 

II 

2.780 

29.71 

82.59U 

Soil) 

III 

2,920 

15.89 

1+6,399 

Grain  (Shallow 

II 

250 

3.91 

977 

Soil) 

III 

1,115 

1.95 

2,171+ 

IV 

1,1+30 

.80 

1,150 

Subtotal 

■ 133,291+ 

Ventura 

Grain  (Shallow 

II 

1,000 

3.91 

3,910 

Soil) 

III 

2,280 

1.95 

k,bh6 

IV,  VI 

1,500 

.80 

1,200 

(Deep  Soil) 

II,  III 

1,520 

1.15 

1,702 

Subtotal 

11,258 

Calleguas  Creek 

Citrus  (Shallow 

II 

175 

29.71 

5,199 

Soil) 

III,  IV 

2,520 

15.89 

l+o,oi+3 

VI,  VII 

1,585 

6.71+ 

10,683 

Grain  (Shallow 

II 

6ko 

3.91 

2,502 

Soil) 

III 

2,920 

1.95 

5,69!+ 

IV,  VI 

U+,1+65 

♦ 80 

11,570 

(Deep  Soil) 

II,  III 

560 

1.13 

633 

Beans , (Shallow 

III 

5,920 

22.68 

88,906 

Soil) 

Beans,  (Shallow 

IV,  VI 

8,390 

14..79 

1+0,188 

Subtotal 

Soil) 

205,1+18 

Grand  total 

'331+9,970 

Deterioration  of  lands  under  these  conditions  is  very  apparent  in  the  country. 
Conservation  benefit  has  been  estimated  as  the  difference  between  net  income 
under  proper  land  use  and  management  and  net  income  under  projected  rate  of 
deterioration  and  ultimate  use  as  poor  range  when  cultivation  ceases  to  be 
profitable. 
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Total  conservation  benefits  are  given  in  table  5.  The  "going  program" 
of  the  Department  is  expected  to  accomplish  20  percent  of  the  total 
benefits  calculated,  therefore  the  conservation  benefits  resulting  from 
the  measures  recommended  in  Appendix  4 are  estimated  to  be  $280,000. 

4.  Nonevaluatod  Benefits. — In  addition  to  the  evaluated  benefits  of 
the  recommended  program,  it  will  return  many  other  indirect  and  intan- 
gible benefits  which  are  difficult  of  accurate  evaluation.  These  have 
been  described  in  the  main  report  section,  and  were  developed  from  the 
data  and  material  of  the  preceding  appendices. 

ANALYSIS  OF  COSTS 

1.  Installation  Cost. — The  total  installation  cost  of  the  proposed 
measures  is  $12,715,900,  as  is  shorn  in  table  6.  The  share  that  each 
group  of  measures  contributes  to  this  sum  is  described  below. 

(a)  Fire-Protection. — The  total  cost  of  these  measures  is  $4,476, 200. 
Table  1 of  Appendix  4 gives  these  costs  by  the  various  protection 
agencies.  The  cost  on  land  protected  by  Los  Angeles  County  will  be 
$473,700;  on  land  protected  by  Ventura  County  it  will  be  $1,266,400. 

The  cost  on  the  national  forests  will  be  $2,736,100.  It  is  proposed 
that  50  percent  of  the  cost  to  Los  Angeles  and  Ventura  Counties  be 
assumed  by  the  Federal  Government  in  addition  to  the  cost  of  installing 
the  measures  on  the  national  forests. 

The  total  cost  to  the  Federal  Government  will  be  $3,606,200,  as  is  shown 
in  table  6. 

Purchase  of  2,810  acres  of  scattered  tracts  of  privately  owned  land  with- 
in Los  Padres  National  Forest  will  cost  approximately  $47,200,  to  be 
paid  by  the  Federal  Government. 

(b)  Range  Improvement  Measures. — Fencing,  water  development,  and  range 
reseeding  are  the  major  items  of  installation  needed  besides  greatly 
improved  management.  The  installation  measures  needed  are  shown  in 
table  2 of  Appendix  4.  The  total  cost  is  $347,900.  All  except  75  miles 
of  fences  and  11  miles  of  gully  stabilization  are  on  Federal  land.  The 
cost  on  private  land  is  $117,400  and  it  is  proposed  that  the  Federal 
Government  contribute  to* this  expenditure  at  the  same  rate  as  the  pre- 
sent participation  under  the  Agricultural  Conservation  Program,  or 
about  $54,500.  The  total  cost  to  the  Federal  Government  therefore 
would  be  $285,000. 

(c)  Farm-Land  Measures . —The  cost  of  the  various  farm-land  measures  is 
shown  in  derail  in  tables  6-7,  Appendix  4.  The  cost  is  about  $7,101,400, 
being  about  equally  distributed  between  the  Calleguas  Creek  drainage 

and  the  Santa  Clara-Ventura  River  drainages. 

The  cost  of  community  channels  is  $6,008,700.  The  distribution  is  such 
that  local  interests  pay  for  all  rights-of-way  and  a portion  of  the 
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installation  cost,  both  of  which  amount  to  11,201,700.  The  Federal 
Government  should  pay  for  the  remainder,  or  $4*807,000. 

The  distribution  of  the  cost  between  the  Federal  Government  and  indivi- 
duals for  all  other  measures  on  farm  land  follows  the  rates  of  current 
Federal  participation  on  such  work  under  the  Agricultural  Conservation 
Program.  This  means  a Federal  expenditure  of  $591,400  and  an  expendi- 
ture by  farmers  of  $501,300. 

A summary  of  the  distribution  of  costs  by  sources  of  funds  is  shown 
in  table  6. 

Table  6. — Distribution  of  installation  costs  by  source  of  funds 


Measure 

• 

: Federal 

: Other  : 

: public  : 

4 

4 

Private  ; 

k 

► 

: Total 

Dollars 

Dollars 

Dollars 

Dollars 

Fire  protection 

3,606,200 

■ 870,000 

0 

4,476,200 

Land  acquisition 

47, 200 

0 

0 

47, 200 

Range  improvement 

285,000 

0 

62,900 

347,900 

Farm- land  improvement 

5.398,400 

1,201,700 

501,300 

7,101,400 

Total 

9, 336,800 

2,071,700 

564, 200 

11,972,700 

2.  Operation,  Maintenance,  and  Replacement  Cost. — The  annual  cost  of 
operation,  maintenance,  and  replacement  of  the  total  proposed  program 
is  $694,100. 

The  maintenance  and  operation  of  fire-protection  measures  is  $499,200. 
It  is  proposed  that  the  Federal  Government  pay  the  annual  costs  on 
Federal  land  and  50  percent  of  the  annual  cost  for  protection  to  the 
non-Federal  lands.  This  would  require  $382,000  a year  of  Federal  funds 
and  $117,200  of  State-county  funds. 

The  cost  for  range-land  measures  is  $13,700.  Of  all  installation  only 
75  miles  of  fencing  and  11  miles  of  gully  control  are  on  private  land. 
Maintenance  of  these  measures  is  $2,500  to  be  charged  to  ranchers;  all 
the  rest  is  to  be  paid  out  of  Federal  funds.  Expenses  to  ranchers  will 
further  increase  because  of  changes  in  their  operations.  This  was 
shown  previously  (Conservation  and  Other  Incidental  Benefits,  (b)  Range 
Land).  Their  annual  costs  will  increase  by  $175,400.  This,  however, 
is  offset  by  higher  returns  and  only  the  net  effect  is  considered  as 
a conservation  benefit. 

The  total  operation,  maintenance,  and  replacement  costs  of  farm-land 
measures  is  $181,200.  All  costs  except  community  channels  should  be 
paid  by  farmers.  The  distribution  is  as  shown  in  table  7 — farmers 
$24,700,  local  agencies  $156,500. 
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Table  7.— Distribution  of  operation,  maintenance,  and  replace- 


ment  costs 

by  source  of 

funds 

> 

Measure 

• 0 

• • 

: Federal  : 

Other  : 
Public  : 

Private 

: Total 

Dollars 

Dollars 

Dollars 

Dollars 

Fire  protection 

382,000 

117,200 

0 

499,200 

Range  improvement 

11, 200 

0 

2,500 

13,700 

Farm-land  improvement 

0 

156, 500 

24,700 

181, 200 

Total 

393,200 

273,700 

27,200 

694,100 

COMPARISON  OF  COSTS  AND  BENEFITS 

Average  annual  benefits  of  the  program  are  estimated  at  $1,221,800,  as 


summarized  below: 

Reduction  in  flood  damage 

$ 543,100 

Reduction  in  channel  sedimentation 

77, 500 

Reduction  in  reservoir  damage 

30,200 

Reduction  in  fire  suppression  cost 

81,900 

Reduction  in  property  loss  by  fire 

57,700 

Increased  range  returns 

59, 400 

Reduction  in  road  maintenance  cost 

92,000 

Maintenance  of  crop  yields 

280,000 

Total 

1,221,800 

^Includes  the  effect  of  flood  damages  on  increased  future  developments, 
discounted  to  the  present.  See  page  13,  Appendix  3. 

The  average  annual  cost  of  the  groups  of  remedial  measures  is  shown  be- 
low, and  consists  of  the  annual  operation  and  maintenance  costs  plus 
interest  charges  at  the  rate  of  2 1/2  percent  on  Federal  and  public 
expenditures  and  4 percent  for  private  investments. 

Fire  protection  and  land  acquisition  $612, 300 

Range-land  treatment  23, 300 

Farm-land  treatment  366, 200 

Total  $1, 001, 800 
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In  the  development  of  the  program,  structural  debris  stabilization 
was  considered  for  several  areas,  including  Matilija,  Coyote  Creek, 
Stewart  Canyon,  Sespe  Creek,  Santa  Paula  Creek,  the  upper  headwaters 
of  the  main  Santa  Clara  River,  and  Castaic  Creek.  None  of  these 
measures  was  found  economically  feasible  at  this  time.  It  is  possible 
that  the  construction  of  proposed  water-conservation  structures  or 
changed  economic  conditions  may  warrant  future  investigation  of  plans 
for  these  areas. 


RATIO  OF  BENEFITS  TO  COSTS 

Throughout  this  report  1948  prices  were  used.  To  convert  to  price 
levels  expected  to  prevail  over  long-term  periods,  indices  were  applied 
to  the  1948  values.  The  1948  prices  were  multiplied  by  the  following 
ratios: 

Prices  received  by  farmers  .78 
Prices  paid  by  farmers  .83 

Construction  costs  .92 

This  reduces  overall  average  benefits  to  $1,065,100  and  overall  annual 
costs  to  $938, 300  with  a resulting  benefit-cost  ratio  of  1.1  to  1.0. 
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